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CHAPTER # 13 


s and p-BLOCK 
ELEMENTS 


\TOMIC AND PHYSICAL PROPERTIES OF THE PERIOD 3. 


This period contains Sodium (N (Si shorus (P), Sulphu' 
Mrrie(CVan ane coe n (Na), Magnesium (Mg), Aluminum ] 


(A) ATOMIC. PROPERTIES 3 iy) 


In Period 3 of the Periodic Table, the valence orbtials are 3s and 3p orbitals. They are filled with electrons. The 


short electronic structures are: 


QUICK QUIZ-1 
(1) The electron structure of Mg Is 1s*, 2s’, 2p*, 3s”. Write down electron structure of Al in the same notation, 


ssAl 1s*, 25%, 2p®, 3s? , 3p! 
12) Which of the two elements Mg or Al has the more stable structure? 


le structure. Ht Spey! hagcompletely filled 3s-valence orbital (i.e. 33*), On the other hand 
2a {which can be easily removed. Hence, Mg has more stable electronic 


(2) TRENDS IN ATOMIC RADIUS} 
The distance of outermost electron from the nucleus of an atom while somoldaring it auaicn le called 
atomic radius. 


ios of ctoets dloga! oocezees from lat to right along the period. jn a given period, the number of 
he all the elements remains|the same. However, the value df effective nuclear charge increases from leit te 
Tight due ease in number of The increased effective nuclear charge pulls the electron cloud af the 
atom to the nu Thus, the atoms and ions goes on decreasing from 


Along period the atomic and ionic radii of s-and p-block elements decrease with the increase of atomic numbe 
This is shown in the table given below. The radii in the table are given inA 
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(3) TRENDS IN ELECTRONEGATIVI: 
Definition 
Electronegativity is a ‘measure of the ti 


ency of an atom to attract a bi 


Scale of Electronegatlolty x 
© The Pauling scale is the most commonly used. | 
© SFluorinelis the most electronegative element. It is assigned a2] 

\ value of 4.0. \ 
¢ The values range down to caesium and francium which are 
the least electronegative at 0.7. 


Trend or Variation in electronegativity along period: 
The electronegative values increases from left to right in a 


It is due to following reasons. 


(Ina peiaihe atomic size decreases from left to i Since, 
smaller atoms have greater tendency to attract the\ electrons) 
“owards themselves. Thus, 3mal fer_atoms) have _higher 
electronegativity values, Reva 

(W)\In a period values of 
“of the elem: 2 


(Most Feet 


negative elem 


Electronegtivity 7711) a 


The Variajjon of electronegativity in a period and a group of 
representative elements (s- and p-block elements) is show inthe 


Electronegatlvity cannot be assigned to Argon 43 
It is because tivity is the tend of electro 
Ges ity ee aed be neta 9 atact a bending pate of elections. Sin. arg 


“ from left to right, the = = a 
they are alway: Sent Sched aos save eval np 3, itis th 
= to Menu r cree fr 


charge, it attr By Hence, eleaes ght} Thus, due to increase in 
. RE Increase from left t6 right 
ae f 


ee 
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B) PHYSICAL PROPERTIES 


These properties depend upon the 


re of elements. 


The structures of the elements ci 
silicon is nt, and the remaining 
(1) Three metallic structures 


*¢ Sodium, magnesium and aluminium 
. 


In sodium, only one electron per a 
Magnesium, both of its outer electrons are 
© The other difference is the w ay 


allic bond i.e., the single 3s electron. In 
are involved, 


three valence electre 


¥ Sodium is 8-co-ordinated. Th ouched by only 8 other atoms 
¥ Both magnesium and aluminiu 
ways. This is a more efficient way to pac 


and therefore, stronger bonding is present in the 


However, both are packed in slightly different 
ss space is wasted in the metal structures 


(2) A giant covalent structure 
* Silicon has a giant covalent structure j edi ad as shor 


© The structure is held together by strong covalent 
dimensions. 


(3) Four simple molecular structures 
© The structures of phosphorus (i.e. white etc.) and sulphur (i.e. rhombic or monoclinic etc.) depends upon 
the alllotropic forms of phosphorus or sulphur. 
The atoms in each of these molecules are held together by coval 
* In argon, there is no bond. 
* Inthe liquid or solid state, the molecules are held close to each oth jer Waals dispersion forces 


Sz 


an Sg molecie aCiymoleae = an Armoleaiie 


depending upon conditions of temperature 


But it is a semiconductor and it 


W are simple molecular substances. They do 
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rahe aes  ——————__- om left to right up to the middie, = 
arcse Q3 (I) (@)The melting and boiling pints of the elements increase from left 60 "18 oe 5) 
period 3 elements and decrease onward. Why’ ee Q 


—<—— (a) § 

oo ( 

* The figure shows the variation of melting and b 1 

' points of the elements across the period 3. i 

«The melting and boiling points are given in Kelvin rather (b) V 

than °C to avoid negative values. ( 

( 

Sodium, Magnesium and Aluminium ‘ 

They possess metallic structures. The m Lo 
boiling points increases from sodium to aluminiu 205 emia ¢) 

Na provides one valence electron for bondi ey 
electrons and aluminium provides three electrons oe ( 


Silicon 

© Silicon has high melting and boiling points because it is a giant covalent structure. It has strong covalent bonds 
which are difficult to break. 

Since silicon has a different type of bonds so its melting and boiling points should not be directly compare with 
that of aluminium. 


The Four Molecular Elements 
Phosphorus, sulphur, chlorine and argon are simple molecular substances. 


© These have only weak van der Waals forces between the molecules. Hence, their melting or boiling points are 
lower than those of the first four members of the period which have giant structures. 


© The sizes of the melting and boiling points depends upon the sizes of the molecules. Generally, the melting and 
boiling points increase with increase in molecular size. 


ofp « © f 


aPymolease ‘an Sp moleate aCimolease an Armoleaie 


(not drawn to scale) 


Phosphorus 
Phosphorus consists of P, molecules. To melt 


Rena rset Pimees Phosphorus there is no need to break any covalent bonds. Only 


the molecules are broken. Thus, its melting point is low. 
Sulphur 


Sulphur consists of Sg rings of atoms. So, its molecules are bigger (8 atoms) 


(4 atoms). Hence, the van der Waals attractions will be stronger, than phosphorus molecules “* 


leading to a higher melting and boiling point. ° 
Chlorine ‘ 
Chlorine, Cl, is a much smaller molecule 
will have a lower melting and [Sea eee weak van der Waals attractions. Hence, chlorine 


Argon 
Argon molecules are just single argon 


Pe cea mbols of the elements in the tl 
~ " 
=sen) ~eteas increasing stomic numbex_ 
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« Chlorine dissolves in water to some exte 
@ mixture of hydrochloric acid and chloric(I) acie 
Cl, +H,O = HCI+ HOC! 
¢ In the presence of sunlight, the ch i 
oxygen gas. 
2HOCL +  2HCI +0; 


© Thus overall react 
2Cl,+2H,0 <= 2HCI+ 2HOCI 
2HOCI pels SHON Opes 
2Cl,+2H,0 -»  4HCI+0, 


Argon 
There is no reaction between argon and v 


(2) REACTIONS WITH OXYGEN 


Sodium 
© Sodium bums in oxygen with an orange flame to f ¢ a white i v 
peroxide 
For the simple oxide 
4Na+0, -»  2Na,0 
For the peroxide 
2Na+O, + Na,O, 
Magnesium 


Magnesium bums in oxygen with an intense white flame to give white : mT 


CHA 


Sod 
2Mg+O, >  2MgO Be 
Silicon will bum in oxygen if heated strongly. Silicon dioxide is produced ie 
Si +0, ~ SiO, a 
Phosphorus 
+ White phosphorus catches fire spontaneously in air. It bums with a white flame and producing clouds o! 
smoke which is a mixture of phosphoruslll) oxide and phosphorus(V) oxide Alu 
‘The proportions of two oxides depend on the amount of oxygen available, 5 
+ Inan excess of oxygen, the product will be almost completely phosphorus (V) oxide i 
For the phosphorusilll) oxide: 
P.+30, + P.O, 
“phsaphorvat il) axtde} Sili 
For the phosphorus(V) oxide: z 
Py+50, > POy <3 
(phonphorwwe 1) oxida) is 
Sulphur 
* Sulphur bums in air or oxygen on gentle heating 
S40, SO, nn aPneblue fame, Itpreducescolouress sulphur diows'- Phe 


WE + Orth 
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Enthalpy change of 
Formation of oxide at 
298Kikd mole kdited 


Effect of adding oxide to 


water 


Nature of Oxide 


3) REACTIONS WITH CHLORINE 
Sodium 


* Sodium b 
2Na + Cl, . 2NaCl 


Magnesium 


> Magnesium by 
Mg+Cl, + MgCl, 


© Aluminium ts ofte 
® The aluminium bu: 
(direct conversion from solid to vap 
2al+3Cl, > 2AlCl, 


‘When thidtine is:passed over silicon powce 
SiC\, is a olouriess liquid which vaponses anc 
si+2Ch 7 sicl, 


White phosphorus bums in chlorine to produce 2 n 
phosphorus{V) chloride (phosphorus trichloride, PCI, and f 

chloride is a colourless fuming liquid 
Pe+6Ch > PC 


wae. 
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rellow) solid 
+ Phosphorus(V) chloride is an off-white (going towards ye llow) solid 
P, + 10Cl, > 4PCl, 
Sulphur Ne cai ae 
sacts to form an orange, evil-sme'l 
Benen crear ot chlorine is possed ovet some hented sulphur, i reacts to form 27 M 
disulphur dichloride, S,Clp 
28+Ch > SCL 
Chlorine and Argon 
© Chlorine gas (Cl,) cannot react with itself 
Argon does not react with chlorine 


(D) PHYSICAL PROPERTIES OF 


‘The relationship between the physical properties of 
their structures is given below, 


Argon is omitted because it does not form an oxide. 


f the oxides of Period 3 elements (sodium to chlorine 


‘The important oxides of Period 3 elements are: 


Na,O | Mg0 | Al,0;| SiO, | PO. 
I P.O, | SO; | 


Those oxides in the first row are known as the highest oxides of the various elements. i.e. In these 
Period 3 elements are in their highest oxidation states. 


 _Inhighest oxides, all the valence electrons in the Period 3 element are involved in the bonding 
@,g. one electron for sodium, two for magnesium, three for aluminium and so on. 


(i) STRUCTURES OF OXIDES 
The trend in structure changes from the m: 


iant struc of ions on 
period via a giant covalent oxide (silicon dioxide) in the middle I molecular oxides on tthe right. 


(V) The metallic oxides (e.g Sodium, Magnesium, aluminium etc.) 


© Sodium, magnesium and aluminium oxides structure/diagram is same as sodium chloride. ic. The 
ionic crystalline solids. 


(il) Giant Covalent Oxides [e.g Silicon dioxide (silicon(IV) oxide)] 
* Crystalline silicon has the same structure as diamond. In this structure atoms 


of both silicon and oxygen are present. 
* In SiO, 


each silicon atom is ring sili 
mse is bridged to its neighbouring silicon by an oxygen 


bg 
(ili) The molecular oxides : h 
g. Phosphorus, sulphur and chlorine oxides) 


}ospl 
(W Phosphorus(lll) oxide, PxO, ; oe 
(i)Phosphorus(V) oxide, PsQyo 


| # 13: s and p-Block Elements [11 | ere, ae ae 
{e) ul IDE (P, 
* Itisa white solid 
* Its melting point is 24°C R 
* Its boiling point is 173°C. 
© The structure of P,O, can be obtained starting from a Py 
molecule which is a little tetrahedron 


¥ Pull P, structure apart to see the bonds ? — 
¥ Then link all the Phosphorus atoms via oxygen atoms Z 
These will be in a V-shape structure (like in water 2Pyo¢meese espe 
* The phosphorus is using only three of its outer electrons (the 3 


unpaired p electrons) to form bonds with the oxygens. 


/O-atom | 
ii) PHOSPHORUS(V) OXIDE (P,0,.) Nisei 
It is a white solid 
It sublimes (turning straight from solid to vapour! 
* Solid phosphorus(V) oxide exists in several differe: 
Polymeric. The most common is the simple mole 
in the vapour. 
* In this oxide, the phosphorus uses all five of its out 
© This is most easily drawn starting from P,O,. The 
attached to the four phosphorus atoms via double bonds 


Sulphur has two common oxides 
(W) Sulphur dioxide (sulphur(IV) oxide}, SO,, 
(i) Sulphur trioxide (sulphur(VI) oxide), SO; 


3p, 34,, 34,38, 33.0 38 


| 
| 
L 


‘simple SO, molecules. 

uses 4 of its outer electrons to form 
@ bonds with the oxygen. leaving the < 
‘as alone pair on the sulphur. 

‘of SO, is due to this lone pair. 


34, 38,38, 3800 38 


WG? 
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Chlorine forms several oxides. Two are important 
(i) Chlorine(l) oxide, Cl,0, 
(#)Chlorine(VIl) oxide, Cl,O, 


(i) CHLORINE(1) OXIDE (CI,O) ) 


«= Itis a yellowish-red gas at room temperature. 


© It consists of simple small molecules. 


" nd bonds with oxygen. 
In this structure chlorine uses its one outer electron and bonds with oxys 


(il) CHLORINE(VII) OXIDE (CI,0;) 1 1 


Itis a colourless oily liquid at room temperature 


*  Inchlorine(VIl) oxide, the chlorine uses all of its seven outer electrons and OQ =cl —_o —Cl=0 


bonds with oxygen. This produces a much bigger molecule. \| \| 
Oo oO 
MELTING AND BOILING POINTS a 

© The giant structures (the metal oxides and silicon dioxide) will have high melting and boiling points. I 


because a lot of energy is needed to break the strong bonds (ionic or covalent) operating in thre 
dimensions. 


(0) 


+ The oxides of phosphorus, sulphur and chlorine consist of individual molecules. Some are small and sin} 
others polymeric 


The attractive forces between these molecules will be van der Waals dispersion and dipole-dipol: 
interactions, These vary depending on the size, shape and polarity of the various molecules. However, thes« 


forces are always much weaker than the ionic or covalent bonds of a giant structure. Thus, these oxides ten: 
to be gases, liquids or low melting point solids 


ELECTRICAL CONDUCTIVI 


* None of these oxides has any free or mobile electrons. Thus, none of them will conduct electricity when ¢! 
are solid. 


© The tonic oxides can conduct electricity in molten state. It is because the ions become free in mole 


state. So, the movement of the ions towards the electrodes casus i ivi 
: es electrical cond s, the 
undergo electrolysis when they are molten. eae 


ASE BEHAVIOUR OF THE OXIDES 
The reactions of the oxides of Period 3 elements 


Hered oucbieie.: (sodium to chlorine) with water and with acids or b 


ases sho’ 


A brief summary is given below « a 


¢ Generally, basicity of oxides decteases and acidi 
¢ The increasing acidic order from left to right is sl 


ity increases from left to right 


a hown in Period 3 oxides, 
Na,O ALO; SiO, P.O, 
s SO, 
oe See xt $0, ch, 
* Anamphoteric oxide is one which shows LNT ¢ ‘Strongly acidic 
oe & ©: both acdc and basic properties, 
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IEMISTRY OF THE INDIVIDU: 


DIUM OXIDE (Na,O) j x a 
Sodium oxide is a simple strongly basic oxide. It is basic because it contains the oxide ion, O®, which js a very 
ng base with a high tendency to combine with hydrogen ions. 
action with water 
Sodium oxide reacts exothermically with cold water to produce sodium hydroxide solution. Depending on ts 
concentration, this will have a pH around 14. 

Na,O + H,0 + 2NaOH 


action with acids 


As a strong base, sodium oxide also reacts with acids. e.g., it would react with dilute hydrochloric acid to 
produce sodium chloride solution 
Na,O + 2HCI + — 2NaCl +H,0 


AGNESIUM OXIDE (MgO) _ 
¢ Magnesium oxide is a simple basic oxide, because it also contains oxide ions. 
* However, it is less basic than sodium oxide because the oxide ions are not much free. 
* Inthe sodium oxide case, the solid is held together by attractions between 1+ (Na*) and 2- (O*) ions. In the 
magnesium oxide case, the attractions are between 2+ (Mg**) and 2- (O*). Thus, it takes more energy to 


break these. So, it is a relatively a weaker base. 


© Ifsome white magnesium oxide powder is shaken with water, apparently no reaction occurs: 
* However, the pH of the liquid goes around pH 9 showing that solution has become slightly alk 
© It shows that there must have been some slight reaction with the water to produce hydroxide ions in 
“solution. Some magnesium hydroxide is formed in the reaction. Since. Mg(OH)z is almost insoluble 
water, therefore, only some hydroxide ions actually go into the solution and it becomes slightly alkaline 
MgO+H,O + Mg(OH); 


e. 


‘oxide reacts with acids to produce salts. 
cts with warm dilute hydrochloric acid to give magnesium chloride solution 


MgO +2HCl > MgCl, + HO 


IE (Al,O,) 5 
> oxide. It gives reactions as both a base and an acid. 


not react in a simple way with water and does not dissolve in it. Although it still contains 


strongly in the solid lattice to react with the water 


lute hydrochloric acid to give aluminium chloride solution 
- 2AICI, + 3H,0 
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SODIUM OXIDE (Na,0) - 2 
See oxide is a simple strongly basic oxide. It is basic because it contains the oxide ion, O* 
strong base with a high tendency to combine with hydrogen ions. 
Reaction with water 
Sodium oxide reacts exothermically with cold water to produce sodium hydroxide solution. Depending on its 
concentration, this will have a pH around 14. 
Na,O + H,O0 +>  2NaOH 
Reaction with acids 


As a strong base, sodium oxide also reacts with acids. e.g., it would react with dilute hydrochloric acid to 
produce sodium chloride solution. 


Na,O + 2HCI > 2NaCl + H,O 


ae 
which is a very 


MAGNESIUM OXIDE (MgO) 


Magnesium oxide is a simple basic oxide, because it also contains oxide ions. 

© However, it is less basic than sodium oxide because the oxide ions are not much free. 
© Inthe sodium oxide case, the solid is held together by attractions between 1+ (Na”) and 2- (O*) ions. In the 
magnesium oxide case, the attractions are between 2+ (Mg**) and 2- (O*). Thus, it takes more energy to 
break these. So, it is a relatively a weaker base. 


© If some white magnesium oxide powder is shaken with water, apparently no reaction occurs 
* However, the pH of the liquid goes around pH 9 showing that solution has become slightly alkaline 
‘© It shows that there must have been some slight reaction with the water to produce hydroxide ions in 
solution, Some magnesium hydroxide is formed in the reaction. Since, Ma(OH), is almost insoluble in 
water, therefore, only some hydroxide ions actually go into the solution and it becomes slightly alkaline. 
MgO + H,0 > Mg(OH); 


Magnesium oxide reacts with acids to produce salts. 
e.g. It reacts with warm dilute hydrochloric acid to give magnesium chloride solution. 
MgO +2HCI > MgCl, + H,O 
_ ALUMINIUM OXIDE (Al,0;) ~ ase 
Ttis an amphoteric oxide. It gives reactions as both a base and an acid 


‘Aluminium oxide does not react in a simple way with water and does not dissolve in it, Although it still contains 
‘oxide ions, they are held too strongly in the solid lattice to react with the water 5 


‘oxide reacts with hot dilute hydrochloric acid to give aluminium chloride solution 
Al,O, +6HCI > AICI, + 3H.0 


ace ‘also shows acidic nature, as reacts with bases such as sodium hydroxide solution 


aluminates are formed. Aluminates are compounds where the aluminiui 
possible because aluminium has the ability to form covalent bonds with oxygen 
m hydroxide solution, aluminium oxide reacts to give a colourless solution of 


n is found 


a 
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PHOSPHORUS(V) OXIDE (P,O,) , C 
ith Water ‘ 
Phosphorus(V) oxide reacts violently with water to give & 
acids, the nature of which depends on the conditions, Con: ¢ 
acid, HyPO, (also known just as phosphoric acid or as orthophosphoric a 


x 


P,O,) + 6H,0 +  4H,PO, 


Aeaction with Base: 
\ce HPO, is acidic so it reacts with NaOH solution as follows 
NaOH + H,PO, + NaH,PO, + H,0 
2NaOH + H,PO, -»  Na,HPO, + 2H,0 
3NaOH + H,PO, + Na;PO, + 3H:0 


If phosphorus(V) oxide is reacted directly with sodium hydroxide | 

solution then same possible salts are obtained. ) 

eg., 
12NaOH + P.O, +  4Na,PO, + 6H,O 


THE SULPHUR OXIDES (SO,) . 
‘Two oxides are more important: sulphur dioxide, SO,, and sulphur trioxide, SO, 


SULPHUR DIOXIDE 


Sulphur dioxide is fairly soluble in water, reacting with it to give a solution of sulphurous acid, H,SO, 
SO,+H,0 + H,SO, 


Since it is acidic so it reacts with NaOH and CaO to produce salts 
SO,+ 2Ns0H > Na,SO,+H,0 
Na,SO,;+H,0+SO, +  2NaHSO, 
Ca0+SO, + CaSO, 


SULPHUR TRIOXIDE 
* Sulphur trioxide reacts violently with water to produce a fog of cor trated e 
Y Bre Ee ee fog of concentrated sulphuric acid droplets 
Reaction with Base: 
* SO, reacts with NaOH aqueous solution to give Na,SO, 
2NaOH +H,SO, -> — Na,SO, + 2H, 


+ In principle, sodium hate (NaHSO, Si i 
| aoe aaa eee apes ato can be obtained by using half mole sodium hydroxide 


* Sulphur trioxide itself will also react dit 
ce ante rectly with bases to form sulphates. e, 


CaO + SO, +> Caso, 


9. it will react with calcium o» 


4; Port-ll 
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CHLORINEWID OXIDE 
* Chlorine(ViIl) oxide is the highest oxide of chi the chiorine is in its maximum oxidation 


state of +7. 
 Ithas same trend of the hi 


Reaction with Water: 
* Chlorine(VIl) oxide reacts with water to give the very strong acid, chloric(VIl) acid. It is also known a 
perchloric acid. R t is 
* The pH of typical solutions will be around 0 
C1,0,;+H,O + 2HCIO, 


Reaction with Base: 
* Chloric(Vil) acid reacts with sodium hydroxide solution to form a solution of sodium chlorate(VII) 
NaOH + HCIO, > NaClO, + H,O 

Chlorine(Vil) oxide itself also reacts with sodium hydroxide solution to give the same product. 
2NaOH + CI,0, > 2NaClO, + Hy 


CHLORINE()) OXIDE 
¢ Chlorine(l) oxide is far less acidic than chlorine(VIl) oxide. 


¢ _Itreacts with water to some extent to give chloric(I) acid, HOCI. It is also known as hypochlorous acid 
Cl,O + H,O == 2HOCI 


ighest oxide: Thus, it shows to be a very strongly acidic. 


tt 3 
* Chloric(l) acid reacts with sodium hydroxide solution to give a solution of sodium chlorate(I) (sodium 
hypochlorite). 
NaOH + HOC! — NaOCl + H,O 
*Chiorine(l) oxide also reacts directly with sodium hydroxide to give the same product. 
2NaOH + Cl,O — 2NaOCl + H,O 


QUICK QUIZ-3 
What Is the nature of bonds in the oxides formed when Na, Mg, Al and $ react with excess oxygen? 
Na, Ma and Al form ionic oxides. Therefote, they exists a& ionic crystalline structure.) 


S forms SO, and SO, with oxygen. These oxides have“Govaient bondingin them 


(b) How do these oxides react with 
() Water : 
Sodium oxide reacts exothermically with cold water to produce sodium hydroxide solution 


Na,O + H,O = 2NaOH 


Magnesium oxide reacts with water slowly to produce alkaline solution, 
MgO +H,O + Msg(OH), 


luminium Iti he protective coating on it which prevent it from 
‘Aluminium oxide does not react with water. It is due to the p: : 
‘reaction Or the reaction may be very very slow. 


preacts with water to produce H,SO, and H,SO, respectivel 
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Na,O + 2HCI +  2NaCI + H,0 feeaealis 
Magnesium oxide is basic in nature. So, it reacts with acids to form salls o 
MgO +2HCI > MgCl, + H,O 
cids orm salts 
Aluminium oxide is amphoteric in nature. So, it reacts with acids to form sal 
Al,O, + 6HCl +> 2AICl, + 3H,0 
(i) Alkali : ee 
Aluminium oxide is amphoteric in nature. So, it reacts with alkali to form salt vi 


Al,O, + 2NaOH + 3H,O + —-2NaAl(OH). 
Since SO, is acidic so it reacts with alkali to produce salts 
SO,+ 2NaOH -  Na,SO, + H,O 
Since SOs is acidic so it reacts with alkali to produce salts. 
SO,+ 2NaOH +  Na,SO,+H,0 


(c) Magnesium chloride is a high melting point solid, aluminium chloride is a solid which su limes readily at 
about 180° C and silicon tetrachloride Is a volatile liquid. Explain the nature of the chemical bonding 'v 

these chlorides and show how this accounts for the above differences in volatility. \ 
* Magnesium chloride is an ionic solid in which ions are held together by strong ionic bonds. Sc 


energy is needed to break these strong forces. Thus, it has high melting point 

* At room temperature, solid aluminium chloride has an ionic lattice with a lot of covalent charact: 
temperatures around 180 ~ 190°C, aluminium chloride converts to a molecul 
weak intermolecu'ar forces. Hence, it melts or sublime easily 

* Silicon tetrachloride is a simple covalent chloride. The electronegativity difference between the silicon a 
the chlorine is very small to form ionic bonds. Thus, the only attractions between the molecules é 
Waals dispersion forces. So, itis a volatile liquid \ 


a 


ar form, AlyCls. So, nos 


important! 


' Solubility of Salts in Water 
The solubility of salts in wate: ‘> mostly controlled by two factors { 


() Lattice Energy: ae 
; Briefly, It 1s the amount of energy required to break the crystal lattice of a salt. 
* Generally, higher the lattice energy, lower the solubility and vice versa. 


. pire ba one show tight packing, therefo~2, their salts possess high lattice energies and as a result have |: 


(i) Hydration Energy: 


Briefly, it's thy 
solution, '* Count of energy released when one mole of an ton dissolves in water to form infinite 


* Generally, hi 7 a 
So gerne rae aac energy of ions of a salt, higher the solubility of salt, 


ily in water, therefore, 
salts have high solubiiice ity water, they possess high hydration energies and as a result he 


dilute 


These two factors work opposite to each othere, therefore, 


* In one condition, lattice energy overcomes hydration energy ~ 
6. case of hydroxides of aang eath meta. Ane thus contro the solubility, 
* Inother condition, hydration energy overcomes lattice n 
in case of sulphates of alkaline earth metals, “ay and thus controls the solbiiy, 
FS : bel: 


<< ahs & 
‘f 
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(E)_CHLORIDES OF THE PERIOD 3 ELEMENTS 


* Sodium chloride 


and magnesium chloride are ionic 
Aluminium chloride and phosp! 
solid tums to a liquid or vapour 
« The others are simple cov 


erature 
covalent when the 


1 
alent mo 


ii) MELTING AND BOILING POINTS) 
Sod 


* Sodium and magnesium chlo 
strong ionic attractions and a|, 


ge ar 
The rest are liquids or low melting 
* In these the situation is quite 

forces such as van der Waals 


© These vary depending on the size and 


iii) ELECTRICAL CONDUCTIVI 
. 


Sodium and magnesium chlorides are ionic and so will underg 
Electricity is carried by the movement of the ions and 
In the aluminium chloride and phosphorus(V) chlond 
the ions are not free to move. In the liquid (where it ex 
they have converted into a covalent form, and so don't 

© The rest of the chlorides don't conduct electricity either solid or molten be ve the t have any ions or 
any mobile electrons 

® Sodium and magnesium chloride just dissolve in water 

© The other chlorides all react with water in different ways 

* ©The reaction with water is known as hydrolysis 


asphonusiV) chloride. 


mole 


lecule, but will always be far weaker than ionic bonds 


conduct electricity in the solid state b 
ns and the ions are not free to move 


ts it undergoes electrolysis 


o ‘in water to give a neutr 


"butiwith a more complicated arrangement of the ions to allow for having 


the attractions between the 


of electricity because the ions are 
free on melting 


College Chemist 


CH # 18:8 aNd p-Block Elements 


solution (pH 
. 


Magnesium chloride dissolves in 
. 


When Magnesium ions are br 
between the and the 
and lone pairs on 5 
© Hexaaquamagnesium ions are formed, [Mg(H.0)6!* 

MgCla) + 6H;0, > — (Ma(H:0)<]* 
© ons of this sort are acidic. 


ion: 


the magnesium io 


ALUMINIUM CHLORID| 
*  Atroom temperature, solid alu 
© At temperatures around 180 - 190°C (depeny 


molecular form, Al,Cl,. This causes it to melt or vapor 
intermolecular attractions. 


Al,Cl, == 2AICI, 


As the temperature increases a bit more, it increasingly breaks 
. 1 nium chi. does not conduct electricity at room ¢ 

to move. Molten aluminium chloride (only possible at increased 
because still there are no ions. 


* The reaction of aluminium chloride with water is surprising 
chloride, you get a violent reaction producing clouds of steamy {u 
© The aluminium chloride reacts with the water rather than just d 
hexaaquaaluminium ions are formed together with chloride ions 
AICl;,, + 6H,0, {AI(H,0),]” + 3Cr,,. 
This is very similar to the magnesium chloride equation. T 


Silicon tetrachloride is a simple covalent chloride. There is not enough electrone 
the silicon and the chlorine to form ionic bonds. 


* Silicon tetrachloride is a coloutless liquid at room temperature which fumes in moist ai 
between the molecules are van der Waals dispersion forces 


© Itdoes not conduct electricity because of the lack of ions or mobile electrons 
[t furnes in moistalr because it reacts with water in the air to produce hydrogen chloride 


¥ If water is added to silicon tetrachloride, there is a violent reaction to produce 
furnes of hydrogen chloride. 


¥ In a large excess of water, the silcon tetrachloride will dissolve to give a stonaly 0. 
containing hydrochloric acid, 


SiCl,+2H,0 + SIO, + 4HCI 


MAIS TE chlorides -Reiptea chloride 


‘and phosphanis(V) chloride, | 
‘This is a simple covalent chloride. 
* It becomes a fuming liquid at room temperature, 
«Phosphorus trichloride is a liquid because there are 
attractions betveer tate . a van Ser Waal perio forces and i 


+ Itdoes not conduct eleetiety because of the lack of ions or mobile electrons 
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* Phosphorusilll) chiori 
water is used then a so 


PCI, +3H,0 + H,PO, + 3HCI 


PHOSPHORUS(V) CHLORIDE (PHOSPHORUS PENTACHLORIDE) PCI, 
© Unfortunately, ph 


© Phosphorus(V 


the ions in’ 
* Phosphorus’ hi 
other covalent chlorides, if there is 
hydrochloric acid 
© The reaction o 
along with HCl 
PCl+H,O +  POCI,+2HCI 
© If the water is boiling, the ph 
Phosphoric(V) acid is also known 
POCI, + 3H,O > 
© The overall equation in boiling water 
PCI,+4H,O + H,PO,+ SHC! 


joined up ina line but twisted 
‘© The reason for drawing the shape is to give 

sort of intermolecular attractions are possitl 
‘of symmetry in the molecule and that mean 


overall permanent dipole. 
tte: Disulphur Dichlonse has van der Waals dispersio 
So attractions. 


are no ions in disulphur dichloride anc r 
dichloride reacts slowly with water to 
2 ae sulphide and various 5: 


(cH # 13:8 and p-Block Elements 


pe mice 

2. Why NaCI has high melting and boiling point ) strong ion’ 
Sodium chloride is an ionic solid in which ions are held ace ee ene 
needed to break these strong forces. Thus, it has high melting an? 09°" 


, Write equations for reactions of PCI, with hot and cold water. 
The reaction occurs in two stages 


S 
In the first, wth cold water, phosphorus oxychloride, POCI, is produced along with HCl 
PCI, +H,O >  POCI, + 2HCI i 
Ifthe water is boiling, the phosphorus(V) chloride reacts further to give phosphoric 
POCI,+3H,O >  H,PO,+ 3HCI 
Add the above two reactions to get the overall equation 
PCl,+4H,O + H,PO, + 5HCI 


|. What products are obtained on reaction of disulphide dichloride with water. ae 
Disulphur dichloride reacts slowly with water to produce a complex mixture of things Inclucing 
acid, sulphur, hydrogen sulphide and various sulphur containing acids and anions 
2S,Cl+2H,O - SO,+4HCI+ 3S: 


and §,Cl, + 2H,0 + HS + SO, + 2HCI etc. 


Why AICI, Is non-conductor in solid as well as in liquid state but NaCI and MgCl, are conductor in liqui: 
state and non-conductor in solid state. 


NaCl and MgCl, do not conduct electricity in the solid state. It is because they do not have any mobile ele 
the ions free to move. However, they undergo electrolysis when the ions become free on melting. 

Solid aluminium chloride does not conduct electricity at room temperature because the ions a 
move. Molten aluminium chloride also does not conduct electricity because still there are no {ree ic 


IHYDROXIDES OF THE PERIOD 3 ELEMENTS} 
SODIUM AND MAGNESIUM HYDROXIDES 


= 

iG 

* These contain hydroxide ions, and are simple basic hydroxides. e 
Re 


* Aluminium hydroxide, like aluminium oxide, is amphoteric. Thus, it has both basic and acidic properti 


2 THE OTHER "HYDROXIDES" 


: ie 2 gi ac ae a covalently bound to the atom from period 3. 
| gee ominog Tels These range from the very weakly acidic silicic acids to the very sito 
| 7 dhe Pend ananassae ntti sa 7 BEM Semen, but these ave ts 
i 
" ‘i ° ° 
HO—Si—OH = —OH mee —OH HO—ci—| 2 
oH oH i I 
corthosiicic acid Phosphoric(V) acid teipii acia 


sane + NaCl +H,0 
> MgCl, + 2H,O 


¢ Aluminium hyd 
+ Like sod 
With dilute 


Orthosilicic acid is very weak 
Phosphorie(V) ax 
Sulphuric acid and ch 
The main factor in detern 
hydrogen has been rem 
test of the ion. 
Ifthe negative charge stays entivel 
to hydrogen ions. The lost hyd: 
|B On the other hand, if the charge 
that it won't attract the hydrogen 


JUICK QUIZ-5 

Which factor determines the strength of ac 
Two factors are responsible for the h of 
Ease of donation of proton, Bond Energy 
Greater the ease of donation of proton, hig 
Thus, higher the bond energy, lesser is the 
acidity order among halogen acids is Hi > 


(H) Stability of the anion (conjugate base) 

Greater the stability of anion, higher is the acwin\ 

anion by attracting electrons of anion towards ie ¢ 9 
“HOO, #@ H*+Cl0," 


paeiien 129s 1B yablined by soos electron w 
elements. Thus, HOIO, ss the » 


AIC, + 3HL0 
NaAliOH), 


SS lll ON 
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ATOMIC AND PHYSICAL PROPERTIES OF THE GROUP 


ii metals, 

. Table: Some Physical Properties of or K es 
Property Li [3 7 i 
Atomic weight > 4 4 
Atomic volume i 
Atomic (metallic radius for coordination number 12) Bis [ 1 i 
covalent radius E = 133_([148 
Tonic radius of M+ ions 
Melting point 5 = 
Boiling point J i ; [TRE 
Jonization energies (kJ/mol) (I,) : = Both 


L 
Standard oxidation potential 
Sublimation energy (eV/ion) 
Hydration energy (eV/ion) 
Electronegativity 
Colour of the flame 
Heat of atomisation at 25C (eV/atm) 
Jonic conduction of M+ ion 


Shielding Effect or Screening Effect: The decre: 
inner shells electrons is called Shiedina effect or scr 


[TRENDS IN ATOMIC RADIU: ee er 
The distance of outermost electron from the nucleus-of an atom 
while considering it spherical is called atomic radius. ; . 


The atomic radius increases down the group from lithium to 
caesium. It is because, down the group number of shells 
increases. So, the atomic volume increases. Moreover, the 
shielding effect of inner electrons also increases. Hence, atomic 
and ionic radii (of M* ions) increases from lithium to caesium 


TRENDS IN FIRST IONIZATION 
First ionization energy is the energy ed to remove the most loosely held eleciron jrom each 1 
gaseous atoms to make one mole of singly charged gaseous ions. 
My > Myte 


The first lontzation energy decreases down the group. steneaton 600 
+ The alkali metals have only one electron in their eregy 


outermost shell (nsl electron). This ns! electron is 


600 

weakly held with the nucleus. Thus, it can be ™™) 400 

removed very easily. Therefore, Alkali metals have 300 

low ionization energies 2m 

* The distance of ns’ electron from the nucleus 100 
increases from Li to Cs due to increase in atomic size. 0 ry 
Thus, its removal becomes more and more easy and Ui ar aa ij 


fb 
the amount of energy required for the removal 
alkali metals decrease from Li to Cs, 


© || 


sf 
of ns! electron also decreases, Hence jonwat 


* The second ionization energies are fairl 
M*? ion has a noble gas configuration. 


ly high, since'the loss of the Second electron from M* 


eatio 


‘and p-Block Elements ine 


| 23 | College Chembstry Federot 


y is a measure of the te cy of 
) ndency of an atom to attract a 
sonding pair of electrons Ab ott 


is usual : 
pH usualy measured on the Pauling scale, on whieh the ros 
A ve element (fluorine) is given an electroneaativty of 4.0 al 
» Ithas no unit, ol 
+ The electronegativity values decreases down the group from Lito Cs 324 
due to increase in atomic size 
aT ee Ste RMI, RM 


TRENDS IN MELTING AND BOILING POINTS} 

Both the ppeltiog points and boiling points decrease down the Group. 

+ The melting and boiling points are very low due to the (°c) 
presence of weak inter-atomic bonds in the solid state of the 
alkali metals. 

’ The bonds are weak due to their larger atomic radii and 
mainly due to a single valence electron as compared to large 
number of available vacant orbital 

* As the size of the metal atoms increases, the repulsion of the 
non-bonding electrons also increases. This increase in the 

repulsion of non-bonding electron decreases the 1 

boiling points of alkali metals from Li to Cs 


The densities of alkali metals are quite low 
atomic volumes as shown in the figure 

Li, Na and K are lighter than water 

The densities increase with the increase in at 
Li to Cs. It is because increase in atomic ma’ 
the increase in atomic volume. So, the density incre 
Kis however, lighter than Na, It is due to an unuisy 
in atomic volume of K. 


Li Na K Rb Cs 


Elements 
Densities 
at °C (gic.c) 0.534 0.972 0.859 


‘element imparts different colours in flany 
In certain metals the outer electron is loosely held with the 


energy levels even by absorbing a small amount of ener 
., it gives out absorbed energy in the 


ergy absorbed during the excitali 
SN reno. 
is due to 


by the atoms to the flame. 
Is difficult to 


tee AH=+ 738 kJ/mole 1 
. © AH + 1451 kiimote 


WW 


: o 
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Pi 
. Why melting point of alkali metals are low as compared to alkaline earth metals. 
It is due to two reasons 
The atomic radii of alkaline earth metals are smaller than those of alkali metals in the ated The 
alkaline earth metals have relatively tight packing of atoms. So, they are harder and have higher melting poy 
than alkali metals. eo RO 
Alkali metals have one valence electron. Thus they provide one electron per atom for Beeler 
metals provide two electrons per atom for binding. So, they have stronger binding forces and have | | 
melting points than alkali metals. | 
2 
REACTIONS WITH WATE ta 
+ With the exception of Li, the alkali metals are extremely soft and readily fused 
* They are highly malleable (i.e. can be pressed out into sheets) and ductile (i.e. can be drawn into wires) 
* When freshly cut, they have a bright lustre. 
* They are quickly tamished as soon as metal comes in contact with atmosphere. 
* The reactivity of Group 1 metals increases down the Group. : 


Enthalpy changes for the reactions 

* Generally, enthalpy of reaction increases from Li to Cs. 

My, + H,Op > MOH wy + % Ho 

+ However, there is no regular pattern in these values. They are all fairly similar. 

+ Lithium releases the most heat during the reaction. 
In each case, metal atoms in a solid form are reacted and metal ions are 
formed in the solution, 
* Overall, what happens to the metal is this. 

My > Mug +e 


Enthalpy change 
(kJ / mol) 


~O 7 
7 — Re 
* Allali metals react with O, or air rapidly and thus get amished due to the Tormalion of their oxide on hy 
Surface of the metals, That is why alkali metals are stored in kerosene or paral 5 ir 
+ Liwhen burt in O, gives mainly lithium monoxide, (normal oxide) LisO 
4Li+0, “+  21i,0 R 
React 
* Na when bumt in O, forms sodium peroxide, No,O, ae 
2Na+O, + Na,0, ae 
* Other alkali metals react with O, to form super oxide of MO, 
M+0; + MO, ee tat 


+ Normal oxides of alkali metals are not formed by the direct 


(LigO). They are formed by indirect methods, e.g. by reduc 


t reaction between the metals and O, excep! 
itself. 


ing peroxides, nitrite and nitrates with the me 
2Na,0, + 4Na 


> — 4Na,0 > 
2NaNO, + 6Na >  4Na,0 +N, } 
2NaNO; + 10Na + — 6NaO + NE 
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+ Normal oxides (0) react with H,0 to form hydroxides by proton exchange 


ins proton 


or + HO = on + On 


The peroxides (0,7) 
and O,. 


and superoxides (O* 


s, These react with HO to give H,0, 


07 +2H,0 H,0, 
2(0-O] + 2H,0 =) HO 40) 


+ Normal oxides have anti-fluorite structure. They are ionic in natu 
+ Peroxides contain peroxide ion, O,* or [-0-0}? 
* The super oxide ion has a thre: 


ire since they contain monoxide ion, O* 


electron bond as shown below 


(9=-0) 


+ The presence of one unpaired electron in it m. 


Jakes this in 


ioared 
olourec 


Sodium bums with an intense orange flame in chi 
The test also behave the same in both cases. 

* In each case, a white solid is produced which is the simple chloride, MCL. 
: 2M+Cl, + 2MCI 


lorine in the same way as it does in pure oxygen 


oxide reacts with 


with an acid to give a salt and water. e.g., sodium oxide will react with dilute 


‘be controlled by adding th 


inmey <3 | 
2MCI = H.0, 


2MOH + H,0, + 0, 


roxide will again decompose 
2MO,+2HCI + 2MCI+ H,0, + O, 


(i) THE FACTS 


Group 1 compounds are more stable 
The lithium compounds behave similarly to Group 2 co: 
The rest of Group 1 behave similarly but in a different w: 
tes, bi tes ond nitrat 
* The carbonates (M,COs) and bicarbonates (MHCO,) are highly stable to heat 
* With increase of electropositive character from Li to Cs, the stability of these salts increases, 
Their nitrates decompose on strong heating to the corresponding nitrite and O,. 
2NaNO, + 2NaNO, + 0, 
‘The LINO, decomposes completely to give comesponding oxide, NO, and O, 
SLINO, + —_2L1,0 + 4NO, + 0, 


ILITY OF THE POSITIVE IO) 


alkali metals are ionic. 
electrons of the anio1 


2. Give rend of stability of carbonales of alkali and alkaline earth metals along group. 
* The solubility of alkali metal carbonates increases down the 
* Generally, the solubility of alkaline earth metal carbonates 
has slightly more solubility than SrCOs. So, a clean trend is not found. 


jorod Oar parbill 
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. Show bonding in superoxide fon 


e The super oxide ion ha: 


o:) 
perThe presence of one unpaired . 
{. Why alkali metals stores in kerosene or paraffin will 
Alkali: Metals react with O, or air rapidly and thus get fv 1: due to the formation of thelt: oxide on the 
furface of the metals. They also ary fast Ath viewer Oey present in the ait That is why alleall metal 


are stored in kerosene or patatt 


LAME TESTS 


Flame tests are used to identity the 


pour 


+ All metal ions do not give flame ¢ 


«Flame tests is the easiest way « 


For other metals, there 


Take a platinum or nichrome (a nickel chromium alloy) wie 
® Clean it by dipping it into concentiated hydy 
© Repeat this until the wire does not produce any 
Moisten the clean wire with some of the acs! and then dip it into a small amount of the solid Some solid 
sticks to the wire 

Place the wite back in the flame again 

Ifthe flame colour is weak, then dip the wire back in the acid agatn ay U back into the flame 

* Avery short but intense {lash of « olout is obtained! 
Different colours are shown by different e! 


T: THE COLOURS} 
in flame 


wmpouns 
HYPO 
ompoune 


nals andl the 
al 


luced by known ony 
side until a good mateh ¢ 


»* Thea 


colour 


* The prop 


in salts, This test is known a 


QUICK QUIZ-8 
(1) Ton of which element among the alkali metals has the greatest polarizing pou 


In general, the smaller cations polarize the 
has the greatest polarizing power. 


(ns"), Thus, due to similar electronic configuration. Li shows 
alkali metals group. 


(3) Write the electronic configuration for alkali metal atoms. _ 


PTPey Electronic Configuration eet [Short configuration 
1s*2s! i i 

1s? 25? 2p 3! 

Is? 25? 2p* 3s? 3p* as! RWiaGiaeoe 
Is? 2s? 2p* 3s? 3p* ds? 3d! Ap* Sst 

1st 2s? 2p? 3s? 3p? Gs? 3d" Ape Ss? 4d Spe ost 
1s* 25% 2p* 3s* 3p* 4s* Bd! 4p* Ss* 4d! Sp 6s*_4f" 5d! Gp* 7s! 


(4) Explain the periodicity in ionization energy, electronegativity and atomic radii on passing from Li to Rb 
* Atomic radii increases from Li to Rb due to increase in number of shells and shielding effect. 
lonization energy decreases from Li to Rb due to increase in size 

Electronegativity decreases from Li to Rb due to increase in size 


(5) Among alkali metals atoms which has the largest ionization potential? aA o- 
Lithium (Li) metal has highest ionization energy due to its smallest size among alkali metals. 

(6) Explain the following: 
(a) Alkali metals show an oxidation state +1 only 


Alkali metals have only one valence electron which is easily lost due to low-first ionization energy. After th: 
loss of one electron, they get the noble gas configuration. So, it becomes highly difficult to remove seco 
electron from them. Therefore, they have high second ionizatior 


n energy. Hence they do not show oxidatior 
state greater than +1. 


(b) Alkali metals are univalent. 
Alkali metals have only one valence electron which is easily 
loss of one electron, they get the noble gas configuration. So, it becomes highly difficult t 
electron from them. Therefore, they have high second ionization energy. Hence thy aie Regan 
(c) alkali metals are good reducing agents 
Alkali metals have low ionization energy. So, they can easily loose 
Thus they can reduce substances and act as excellent reducing agen 
* (d) alkali metals have low m.pts 
Alkali metals have only one valence electron, So, they provide 
they have weaker binding forces and hence they have low melti 


lost due to low first ionization eneray, After | 


cond 


electrons i.e. they are easily oxidize 
ts. 


only one electton for binding, Therefoi® 


ing points. 
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EEN ham tec 


inp Altai) metals gine charucteristic colour flase 
. jeus. So, ed to the 
ns s 2 sorbe region. 
Nes stored under Kerosene 
No reocs . hier ois tenniehs 2 to the formation of oxid 
pest 
Qi aikeit meas form M ad of M cations 
we 
S st electyon are loose 
GB Hiirenides of 1° group are strong buses. Explain why? 
Sinwe, vikail metas ors » x “ energ r ee 
OMENS in waver diss mr . s $ . . 


Strang uses. 


1B) Expiuin ure feilowers 


Li, + CO, 


eadily on heatir 


MIC AND PHYSICAL PROPERTIES 


m es 
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Property Be Mg Ca Sr Ba 
9.01 24.31 | 40.08 7.62 | 137.34 
ois | 0040 | t3x10.1 
of 64x 104 2.0 3.45 0.915 i 
earth's crust) oe 
Density (gmv/e. 184 Lss 2.84 : 0 
Melting point (°C) 1277 838 763 4 
Boiling point (°C) 2770 1440 1380 xe18 se 
Atomic volume (c.c.) 4.90 25.9 3454 36 
Atomic (Le., metal- 1.12 1.97 21s 2,22 
lic) radius for co- 
ordination num- 
ber 12(A") 
Covalent radiue (A*) 0.90 1.36 4 191 Los 
Tonic (crystal radius O31 0.65 0.99 Ls 1.35 140 
of M? + ion for co- 
ordination number 
+a”) 
Tonisation energies 
(KJ/mole) 
b 499.5, 737.7 su7.s S094 
b 1757.4 1450.7 woss | 
hen 2656.6 2188.4 1013.8 Lass. 46 
Oxidation state +2 +2 2 
Electruneyativity Ls 12 oo 
Flame colouration: None Nene Ane he Read 
Pan 
oy Hon poterittets 1.70 1.37 290 292 
— Seer al 20 1.70 
Moat gf autornisation 327.26 146.89} asnz1 | tesa | ies.c7 
prenmure (KJ/mole) 
Ha of hydration 2aas.48 | 1925.1 | 1653.07 | 145y.67| 1276.42 
i rented then a of M2 + 6.66 3.08 212 Lsz LSS Las 


SIN FIRST IONIZATION 


Irat lonization energy is the energy needed to 
EME ee ees 
a4 . 
. The re shows the fenton ney of the Group ae 


ements 


+ 2e 


Hat lonisation Energy of the Group 2 elements 


electron from each of one mole 


It is usually measured on the Pauling scale, on which the most 


electronegative element (fluorine 


negatiaty ott 
) is given an electronegativily of 
4.0. 


Group 2 


*  Ithas no unit, 
« The figure shows the 
elements. 
+ The electronegativity values increases down the group. 
+ It is due to following reasons. 
¥ Down the group atomic size increases. Thus, the distance of 
bonding pair incteases from the metal nucleus. Hence. 
bonding pairs are less strongly attracted and so, the 
electronegativity decreases, 
Moreover, the bonds formed between these metals and « 
more ionic down the group. Thus, the bonding 
the other things (e.g. chlorine) 


electronegativities of the Group 2 


1 things (e.g. chlorine) become more and 
is pulled away from the Group 2 element towards 


INT AND BOILING POIN’ 
The melting and boiling points of Group 2 elements are 


higher than Group 1 elements. |i is because Group 2 fare ‘see 


elements have two valence electrons. So, they form greater "wee 
number of bonds than Group 1 elements. 
* Generally, no regular trend is present in the m 
boiling points of Group 2 elements. 


1g and 


The figure shows that the melting point decreases down the Group. ow 2000 
However, the smooth decreasing trend is broken by magnesium. 


CTIONS “ 
Taaraaesitty increas group. It is because, down the group ability to give electrons increases 


with water or steam even at red heat. 


to produce white magnesium oxide and hydroger 


MgO, + Ha» 
has a very slight reaction with cold water 
u The coil of magnesiurn ribbon usually 
the magnesium hydroxide form: 
enting further reaction. 


20 + Haig 


utes, some 


in water 


* The Group 2 metals become more reactive towa: 


* BelO#i), is not at all basic. It is amphoteric since it reacts w 
becylates 
Be(OH), + 2HCl + BaCl, + 2H,0 
Be(OH), + 2NaOH +  Na,BeO, + 2H,0 
© The hydroxides of other metals are basic in nature 


- on moving down the group. Thus Mg|OH). 
the strongest base. It is because with the increase in size of M?* cation, both 
the internuclear distance between ‘oxygen of OH’ ion and the metals atom increase 
ionization of M(OH), and hence basic character increases. 


* Pus to high polarising power of small Be" in Be(OH), itis covalent. All other hydroxides are ionic | 
* The solubility of hydroxides increases down the Group as shown by the solubility products 

Be(OH)s = 1.6 x 10% Mg(OH), = 8.9 x 10"? 

CoOH), = 13 x 104 SHH), = 3.2 x 104 Ba(OH), = 5.4 x 107 
. Ta BelOHp and Ma(Uri}, are almost insoluble in H,O. The hydroxides of other metals are slight 


jater as yo 


TIONS WITH OXYGEN 


{@) FORMATION OF SIMPLE OXIDES = 
. arth metals form the normal oxides of MO type. ae 
+ These are obtained either by heating the metal in O, or by heating their carbonates at high temperature 
2Ca+O, -+» 2Ca0 


Calo, +» Ca0+CO, 


. Tt oe we cron sal ve cyl oe ws us ter latti ed 
inghne bdeprws ligh crystal lattice energy obtain: 


P40 And MgO are quite insohible in HO while F140 CaO, S10 3 Se 
: hydroxides, M(OH), which are strong bases Laps and BaO react with H,0 to give sol. ; 
p penalty i ee Photeric since it reacts with acids to form salts and with alkalis $ 
ate : 

Be(OH), + 2HCI > ~— BaCl, + 21,0 | 


~ 


Eire era FarSters 
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* The oxides of other metals are basic in character. Their basic character incteates on moving down thé 
group. 


Be#* ion has high polarizing power due to small size. Thus, BeO is covalent which 
* Although BeO is coval 


lent yet is has a higher melting point and is harder than the ox 


s is polymeric, 
e 
* Each Be atom is tetrahedrally coordinated by four oxygen atoms. 
(b) FORMATION OF PEROXIDES. 
* The peroxides of heavier metals (Ca, Sr, Ba etc) can be obiained on heating the normal oxides with O, o 
high temperature, 


2Ba0 +0, + 2Ba0, 
e 


© The peroxides are white, ionic solids having peroxide anion, [O-O}? 
They react with acids to produce HO, 


(c) FORMATION OF NITRIDES ON HEATING IN AIR 
* All the elements bum in nitrogen to form nitrides, M,N; eg 


3Ca+N, -» CaN; 

* These react with HzO to liberate NHy 
2Ca,N, + 6H,O + 3Ca(OH), + 6NH, 

* BesNy is volatile while other nitrides are not so. 


Rae 


to be insoluble in water. However, shake it with water, filter it and test the pH of the solution, it will 
alkaline. It shows that there are more hydroxide ions in the solution than pure water, So, some 
hydroxide must have dissolved. 


therefore occur as solid rock minerals in nature. 
g CO, due to the formation of bicarbonates 


_ Ca(HCO,), 
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7, Behaviour of oxides and hydroxides: The oxides and hy 


xides of beryllium are amphoteric, ,¢ dissolve I 
both acids and alkalis to form salts. 


BeO +H,S0, +  BeSO, + H,0 
8, Behaviour of carbides: Beryllium carbide is decomposed by water to form methane (CH 
Be,C +4H,0 -  2Be(OH), + CH, 


The carbide of other alkaline earth metals are decomposed by water to form acetylene (C)H,), For exam 


CaC,+2H,0 -» Ca(OH), + C,H, 


9. Behaviour of nitrides: BesN; is volatile while the n-volatile 


han four molecule 


10. Number of molecules of water of crystallisation: Th 
of water of crystallisation while other alkaline ear 
crystallisation. It is because, in case of Be** ion 
lone pairs of electrons denoted by O-atoms of the wa 


e more 
four 
srbital can accept only oF 


slecules of water of 


Vatence shell = 22 
electronic configuration ti] } 
of Bo atom (242, 2p*) 4 


Valence-ahell conSgur 
tion of Bet inn (24".2p") 


Attachment of 411,0 molo- } 


culos with Bet+ ion oe 
° ooo) 
Hy H, Ha Hy 


On the other hand, other alkaline earth metals like Mg can extend their coordination number to six by using one 
3s, three 3p and two 3d orbitals belonging to their outermost shell. Thus, Mg in Mg” state is 


he. Mg’? Is? 2st 2p* 3s° 3p,” 3p,° 3p,” 3d," 3d,” 3d,” Sa’vy 30"s 


11. Formation of complex compounds: Be” ion, on account of its small size, f 
[BeF)>, [BeFs]* . The M** ions derived from other alkaline earth metals fo 


QUICK QUIZ. 


(1) Among the alkaline earth metals atoms which has the highest fonization potential 
ae Be has he ‘smallest size among alkaline earth metals so it has the highest ionization potential 


(2) Explain why Ca, Sr, Ba, and Ra are places in one group of the periodic table. 
The 


mplex compounds like 
nds. 


w complex cc 


valence shell electronic configuration of all these elements is ns*. Thus, due « 
configuration these elements show similar chemical properties. Hence these are placed in same grou 


efata, fons but no M* ions. 
i. pre aaa ea clevce electrons. Both these electrons have quite low io’ es. So 


both these electrons are lost easily. Hence they form M** ions instead of M* ions 


One the other hand 

one 3s, three 3p and two er Ou 
(4) The solubility of the sulphates of alkaline earth metals decreases uhereas the solub heir hydr 

Increases on moving down the group 

* In hydroxides, OH’ is a small anion 
metals only, Here. lattice energy 


omic numbers. 


(@) MgSO, 's more soluble in water than BaSO,. 
It is because, the SO, ion is 
overcomes the lattice energy. Since. a1 
Ba**ion is less than Mg** ion. 

(h) Alkaline earth metals form M** ions but not MP 
+ tis because, alkaline earth metals have tas vse 

earth metals get the configuration of lectrons. By the 
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Pies te oe nents of group IIA differ from al 
See Page 57 


) the lpdroxsdes of group IIA metals ar siast i jomp 1A 


KOH Is stronger base than Ba(OH 


gian ; role cS ; 

© The melting p dll 
distc 2 

values eo » 4 


Ifa substance sha’ 
* Carbon as diar 

hammer, it shatters. 
Silicon, ger 
However, white 
‘of the metallic bon: 
Lead in cic isa fai 


Carbon as diamond does not cond. 
to move. 

* Silicon, germanium and grey tin are 
q White tin and lead are normal metalic 
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ONIZATION a 

epee VERCIES 2 a 


The ionization energy values decrease down the roup form C to Pb. However, the decrease is not regular. 

a aason energy values decrease down the q 2 Sa AD 

The imegularity s due to the filing ofthe d-orbitals in case of Ge and Sn and forbitals in case of Pb. Sincal 
and orbitals have poor shielding effect so they cannot shield the valence electron ae 


ely. Hence, the patter 
EEE Patt 
becomes itregular. 


Remember! 
|The similar explanation 
PE TREND FROM NON-METAL TO METAL IN THE GROUP 4 ELEME! Henibetivenit 
s | 


TRUCTURES OF THE ELEMENTS 


The metallic character increases down the group in Group 4 elements 


regularitie: 
di, electronegativity ete 
—— or 


in atomic 


* Carbon at the top of the Group has giant covalent structures. It has two common 


’ 
allotropes, diamond and graphite. 


* Diamond has a three-dimensional structure of carbon atoms each joined Ny 
covalently to four (4) other atoms as shown in the figure. 


* This same structure is found in silicon and germanium and in one of the allotropes “A 
of tin, which is “grey tin’ or “alpha-tin” 


* The common allotrope of tin ("white tin” or "beta-tin’) is metallic. In this form atoms are held together by 


metallic bonds. Its structure is a distorted close-packed arrangement. In close-packing, each atom jg 
surrounded by twelve (12) near-neighbours, 


+ Thus, a clear trend is found 
bonding in metals, 


* The change- 


down the group from the typical covalency in non-metals to the metallig 


‘over in the two entirely different structures of tin is the exception, 


) Exercise Q3 (vill) Explain the trends in oxidation states with suitable examples. eae 


The apparent charge positive or negative on an atom in a substance is called its oxidation state or oxidatio 
number. 


(o) INERT PAIR EFFECT AND POSITIVE OXIDATION STATES aS eae 
* Carbon and silicon commonly show +4 oxidation states, 
* Germanium commonly shows both+2 and +4 oxidation states. 
* Tin and Pb commonly shows +2 oxidation states, 


* When two np? electrons are lost from the ns*nj 
* The two electrons in ns? 


Pair of electrons. 
The stability of +2 oxidation state increases from Ge®* 


p* configuration, 


the elements show +2 oxidation states. 
are not lost in the formation of M?* 


cations. This pair of ns* electrons is called ing 
to Pb** i.e. Ge®* < Sp?+ < Pb*+ 

Wise ns*np? electrons are lost, the elements show +4 oxidation state, ie, M* 
The stability of +4 oxidation state decrease down the group. i.e. Get 
» Compounds of Ge** are less stable 


oxidized into those of Get* 
oxidizing agents, 


cations a 
. 


* > Sn** > ppt+ 


than those of Ge**. Hence the compounds of Ge?* are readi 
2 readily chang 
- Thus, compounds of Ge?* act 9S strong reducing agents while those of Ge!* oct 
= |Rememberi 
“compounds + Get Compounds _@-8- Ge gives electrons to form Ge* (itself 
Less stable More stable fee ERU GE! maiden cme a 
Reducing agent ‘agent at operes reduced Hence. Ge isaneducren 
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that the compounds of Sr 
Sn?* act as strong reducing 


agents while those of Sn 


Sn* compounds —» 
Less stable 
Reducing agent 


* compounds 
More stable 
Oxidizing agent 


= similarly, Pb 
7 Similarly, Pb?* compounds are more stabl 
oxidizing agents while those of Pb?* 


act 


reducing a: 


Pb** compounds >» Pb** co 
More stable 
Reducing agent 


mpou 


Less stable 

Oxidizing agent 

> Thus, the order of stability of M® and M 
Ge** <Ge"* Sn?*<Snt* 


A** cations of Ge, Sr 


Pb? > 


(NEGATIVE OXIDATION STATE ets 2 Facer 


« Since the electronegativities of these elements are low. they 


negative ion nee 
her © However, carbon forms C* and C,” ions in certai 
om Examples: 
Be,C, or BeC (Be®* and C+ ions) ALC; (Al** and Ctions),  NaCH* 4 and H° ions) 


NaC, (Na’ and C,* ions) CaC,* (Ca?* and C,* ions 


Exercise Q3 (ix) Discuss the inert pair effect in the: 
(a) formation of ionic bonds _(b) formation of covalent bonds _ 


THE INERT PAIR EFFECT IN THE FORMATION OF IONIC BONDS 


* Ifthe elements in Group 4 form 2+ ions, they will lose the p? electr 


e.g. to form a lead(II) ion, lead will lose the two 6p electrons, but 
the 6s electrons will be left unchanged, which is the “inert pair 
* Generally, ionization energies decreases down the group. 4p00 
However, in Group 4, this does not quite happen. 3000 
* The total ionization energy needed to form the 2+ ions are shown 2000 
in the figure in kJ mol". The figure shows there is a slight increase 000 
between tin and lead. It shows that it is slightly more difficult to o 
remove the p-electrons from lead than from tin. 


leaving the s? pair unused 


Ist+2nd IEs | 
Lae 


* The total ionization energy needed to form the 4+ ions are shown in the 
figure in kJ mol”. The difference between tin and lead is more prominent 
The relatively large increase between tin and lead must be because the 
6s? pair is significantly more difficult to remove in lead than the 
corresponding 5s* pair in tin. It can be explained by Theory of Relativity 


tle Contraction ; 
the heavier elements like lead, relativistic contraction of the electrons 
ds to draw the electrons more closer to the nucleus than expected. Thus, they 
More difficult to remove. The heavier the element, the greater this effect 
is affects s-electrons much more than p-electrons £35 


Iease of lead) the relativistic contraction makes it more difficult to remove the 6s electrons than expect 
Pies othe proces le lattice ethalpy and hydration enthalpy are not enough to compensate 


Temeans for lead it isnot energetically favourable to form 4+ ions 


CHAN 6 ond om 
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THE INERT PAIK EEFECT IN THF FORMATION OF COVALENT BONDS 


© Betore carton fi 


oreo, 


We ty Tr 


ask 
nuoo 


ty te 
a» 


* Thus there becomes 4 unpaired electrons. These undergo hybridization to form 4 


* ‘The energy for promotion of s-electron is supplied because the carbon can 
covalent bonds, Each covalent bond formation releases energy which is more 


* The lead cannot do this, It s because bond energies decreases down the Group due 
the bonding pair goes away from the two nuclei and better screened from them 

#4., the energy released when two extra Pb-X bonds are formed may no 

compensate for the extra energy needed to promote a 6s election into the empty 6; 


This becomes even more difficult, if the energy gap between the 6s and 6p orbitals 
relativistic contraction of the 6s orbital 


was increase 


A ENTS OF GROUP 4 ELEMENTS 
, SILICON AND LEAD 


THE CHLORIDE S OF C ‘ARBON, 
5 1 RUCTURES AND STABILITY 


CARBON, SILICON AND LEAD TETRACHLORIDES 
* These all have the formula MCh, 


* They are all simple covalent molecules with a typical tetrahedral shape. 


‘3 [Al of ther are luids at room temperature, However, at room ten ature, lead{V) chionde wil! te 
dacompose to give lead) chlor and chine gos Sei te wt 


Leaddtt) chloride, PbCt, 
+ This e white solid, 


lis melting point is 501°C. 


. 
¢Hivery sigh sohibla in cold water, but more soluble in hot water 
+ Ite mainly lonie in character, 
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Tet 


a8 y GCN of eas ton +4 b+ 


PCy = _ 


REACTION WITH WATER (HYDROLYSIS) 


* In this 


the central eleme 


Tetrahalides of C are not hydrolysed while those of SI, Ge and Sn get readily hydrolysed 
* Thec 

is unat 
unstable 


« On the « 
tetrahalides get re 


© Ease of hydrolys 

the central atom 

* It must be noted howev 

sufficient energy is provided | e re eg 

steam is used. ESE SY 
CCI, + H,O (superheated steam) -» COCI, + 2HCI 


® Hydrolysis of tetrahalides of Pp follows essen 
compounds of Pb. Some decom sit f PoC, 
pec, > Pdcl,+ Cl 
® PbCk is hydrolysed by H,0 as follows 


PbCI,+2H,O > PbO, + SHC! 
des of Si, Ge, Sn and Pb rea 


{siFJ* 
‘nf C are exception. They donot form suct 
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There is a large difference between the physical properties of ca 
known as silicon(IV) oxide or silica) 

Carbon dioxide is a gas whereas silicon dioxide is a hard high-me! 
The other dioxides in Group 4 are also solids. This is also due to 
dioxide and the dioxides of the rest of the Group. 


THE STRUCTURE OF CARBON DIOXIDE. 
* The dipole moment of carbon dioxide is zero. Theref 


Og) 


THE STRUCTURE OF SILICON DIOXIDE 


* It is a macromolecular compound, in which silicon and oxygen atoms are linked 
tetrahedral basic unit. 


* In crystobalite, these units are joined as in diamond, while in quartz and 
around an axis. 


* Due to this structure silicon dioxide is non-volatile and hard unlike carbon 


Similarity between structure of silicon dioxide and carbon dioxide 
. 


Triatomic molecules of silicon dioxide and carbon dioxide, carbon and silicon are similar in hav ing. 
() 4 valence electrons, 


(ii) 4 covalent bond formation. 


Si Si Si 
Derr a OMA 
°. ° 


“as ois oN 


9 i} 


Baty 
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Q3 (x) Discuss in detail acid-base trend in group 4 oxides 


The oxides of the elements at the top of Group 4 are acid 
« The acidity of the oxides decreases down the Group. 

« Towards the bottom of the Group, the oxides become more basic, However, they do not lose their acidic 
character completely. Thus they become amphoteric 

An oxide which can show both acidic and basic properties is said to be amphoteric. 

The trend is therefore from acidic oxides at the top of the Group towards amphoteric ones at the bottom. 


(ARBON MONOXIDE 


«  Itis treated as if it is a neutral oxide. However, it is very sl 


# It does not react with water, but it will react with hot concentrated sodium hydroxide solution to give a 
solution of sodium methanoate 


NaOH+CO + HCOONa 


* This reaction shows that it must be acidic 


RBON AND SILICON DIOXIDES 
These are both weakly acidic 


structure. 
Carbon dioxide does feact with water to a slight extent to produce hyd 
ions) and hydrogencarbonate ions. 


gen ions (strictly, hydroxonium 


HO) + COxe9) —— Hi uy + HCOS nq) 


*® The solution of carbon dioxide in water is sometimes known as carbonic acid. It is act about 0.1% of 


the carbon dioxide has actually reacted. The position of equilibrium is well to the left 


d side. 


Carbon dioxide reacts with sodium hydroxide solution in the cc 
Sodium hydrogencarbonate solution, 


® The ratio of both depends upon the relative amounts of reactants 
2NaOH + CO, + Na,CO, + H,O 
NaOH+CO, > NaHCO, 


® Silicon dioxide reacts only with hot and concentrated sodium hydroside sol 


2NaOH + SiO, > _Na,SiO, + H,O 
| * The famous reaction in the blast furnace extraction of nor 
¥ In this reaction calcium oxide (from the raw material line 
liquid slag called calcium silicate. 
Y This reaction also shows the acidic behaviour of silicon dionile weacts 


a0, + 510m > CaSi0,,, 


with a basic species, CaO 


ione 


MIU 
Se 
THE MONOXIDES 


All of these oxides are amphoteric (they show both basic and acidie properties 


The basic nature of the oxides 


* These oxides all react with acids to form salts. e.g., they all react with concentrated hyd 
MO, + 2HChay > MClayg + H20y, 


where M can.be Ge and Sn. However, lead shows a different behaviour 


Lead{l) chloride is fairly insoluble in water and, instead of geting a solution os Il form an 
over the leadill) oxide by use of dilute hydrochloric acid. Thus reaction is stoppe 
PbO, + 2HClig > — PbClay) + HzO, 


However, with concentrated hydrochloric acid it does not happen. In concentrated acid 


ch >bC],2 
chloride ions react with the lead(|l) chloride to produce soluble complexes such as PbCl; 
complexes are soluble in water and so the problem disappears. 


PCI) + 2CI., > — PCI.) 


lure of the oxide 
* All of these oxides also react with bases like sodium hydroxide solution: 
MO,, + 20H) > XO2* a) + H,0), 


* Lead(Il) oxide, for example, would react to give PbO, [plumbate(II) ions]. 


THE DIOXIDES See 
These dioxides are again amphoteric. Thus these shows both basic and acidic properties, 


The dioxides react with concentrated hydrochloric acid first to give compounds of the type MCl, 
MO,+4HCI + MCI, + 2H,0 


These will react with excess chloride ions in the hydrochloric acid to give complexes such as XC\,” 
XCh+2Cr° 0 + x1, 


In the case of lead (IV) oxide, the reaction is carted out with ice-cold hydrochloric acid. 
It is because if the reaction is done any warmer, the lead (IV) chloride decomposes to give lead({!) chic 
and chlorine gas. This shows the preferred oxidation state of lead being +2 rather than +4, 
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* For bromine, the Feaction is still from gaseous bromine molecules to separate ga: 
Br-Bry 2Br, 


Gas not Liquid 


Bond enthalpies 


NI INTHALPY IN THE HALOGENS, Xx, 


bond enthalpies o, the CI-Cl, Br-Br and J-I bonds decreases down powentapy 
due to increase in atomic size except the F-F bond 


= very low dissociation energy. It is due to following reasons 7 
() It is due to very small F-F bond length than other X-X bond lengths. | 
So, the F atoms in F, molecule repel each other and thus the 
dissociation of F, molecule into F atoms becomes easy. 
(i) X-X bond in Cl,, Br, and I, molecules is stronger than F-F bond in F; 
molecule. It is due to the Possibility of the formation of multiple bonds = 
in X-X bond with d- orbitals, 


ona entnaipes 
BOND ENTHALPIES IN THE HYDROGEN HALIDES, HX, ea, 
The bond enthalpies of HX decreases down the group Poaemepy ay 


It is because, as the halogen atom gets bigger, the bonding Pair gets more re") aa 
and more distant from the nucleus, The attraction is.less, and the bond gets 
weaker. So the bond enthalpies of HX decreases down the group. 


STRENGTH OF 
> Cl,>Br,>I, 


HALOGENS AS OXIDIZING AGENTS: 


© The oxidizing Property of a halogen molecule, X. is Tepresented by: 
X+H,O + HX + HOX (in this reaction, X takes electrons) 
© During this reaction energy is released. This energy is made up from different energies like that of fusion 
vaporisation etc, 
* The values of energy decrease from Fa to lp, Thus, the oxidizing power of halogens also decreases in the 
same direction. Thus, order of oxidizing power is 
Fe>Ch>Br> I, (weakest oxidizing agents). 
* Since F, is the strongest oxidizing agent in the series, it will oxidize other halide 
or when dry. i.e., Fy displaces other halogens from their corresponding halides, 
F, + 2X- Sie EP PEKS 


ions to halogens in solution 


Ch+2X > 2crex, 
Bn+2X + Br 4x, 
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HE. ACIDITY OF THE HYDROGEN HALIDES 


All the halogen acids in the gaseous states are essentially covalent. 


However, in the aqueous solution they ionise to gi 
H,O + HX = H,O? + X 
+ HF ionises only slightly while HCl, HBr, and HI 
strength of these acids increases from HF to HI 
The order of acidity is 
HF (weakest acid) < HCl < HBr < HI (s 


« The weakest acidic nature of HF is due to the fac 
is the highest, Hence this molecule has leas! 


ted proton (H30*) and hence acts as acids 


ise completely. Hence HF is the weakest acid and 


n energy of H-F bond in HF molecule 

and F ions in aqueous solution 

« The above order of the acidic stren: 
the conjugate bases of these acids. T! 
means a weaker acid, therefore the order of aci 


ve order of the basicity of 
a stronger conjugate base 
HCl < HBr < HI 


+ The hydrides show no acidic character wh 


HALIDE IONS AS REDUCING AGENTS 


TRENDS IN REDUCING STRENGTH ABILITY OF HALIDE IONS 
(THE REDOX REACTIONS BETWEEN HALIDE IONS AND CONCENTRATED SULPHURIC ACID) 


+ Fluorides and Chlorides do not reduce c 
+ With bromide ions 
¥ The bromide ions are strong enough reducing ag 
¥ Inthe process the bromide ions are oxidi 
2Br > Br, + 2e 
¥ The bromide ions reduce the 


ncentrated sulphuric acid 


ed to bromir 


huric acid to sulphur dioxid 


¥ This is a decrease of oxidation state of the sulphur from +6 
dioxide. 


H,SO,+2H*+2e > SO, +2H,0 
© Combine these two half-equations to give the overall ionic 
H,SO,+2H*+2Br > Br, + SO, + 2H,O 


the sulr acid to +4 in the sulphur 


quation fc 


* With lodide tons 
¥ lodide ions are stronger reducing agents than bre 
Y They are oxidized to iodine by the concentrated 
a. 1, + 2e 
* The reduction of the sulphuric acid is more con 
teducing agents to reduce it 
¥ fitst to sulphur dioxide (sulphur oxidation state = +4 
¥ then to sulphur itself (oxidation state = 0) 
¥ andall the way to hydrogen sulphide (sulphur oxidation sta 
© The most important of this mixture of reduction products is pre 
equation for its formation is: 
HiSO,+ 8H*+8e > HS + 4H.0 
Combining two half-equations gives 
‘ ees sr > 41,+H,S + 4H,0 


ful enough 


he iodide ions are pc 


1e hydrogen sulphide, The half 


A: lana 
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won't reduce concentrater 


cd sulphuric acid 


ions reduce the sulphuric acid to sulphur dioxide. In the process, the brorr 
1. 


nide ions are oxidizer 


4 P sulphide. The icy 
*  lodide ions reduce the sulphuric acid to a mixture of products including hydrogen sulphic 
ions are oxidized to iodine. 


Reducing ability of the halide ions increases as you go down the Group. 


Explanation hat the f 
* When a halide ion acts as a reducing agent, it gives electrons to something else. That means that the hal; 
ion itself has to lose electrons. 


* The bigger the halide ion, the further the outer electrons are from the nucleus, and the more they are 
Screened from it by inner electrons. It therefore gets easier for the halide ions to lose Sections as 
down the Group because there is less attraction between the outer electrons and the nucleus. 


(1) Give reasons of the following 
* HI is stronger acid than HF. ae ee 
) It can be explained on following bases 


() In HF, molecules are Hydrogen-bonded in a zigzag manner. Thus, 
H-atom is entrapped between two F atoms as shown in the fig. So, H* 
ion cannot be donated easily. 


(it) The bond energy of H-F bond is considerably greater than H-I bond. Thus, HF cannot donate its H 
easily, 


(itl) The conjugate base of HF is F- ion which is a stronger base than I- 
will be weaker than HI. 


Hence, HI is a stronger acid than HF. 


ions 
ion. Thus its corresponding acid, Hf 
*_ Although H-bonding in HF is stronger than that in H,O, 


y Itis because, HF can make one hydrogen bond per m 
molecules. So, due to strong hydrogen bonding in water, i 


H,0 has much higher b.pt. 
‘olecule while water can make two hydrogen bond pe 


I-X bond decreases, so the ease of donation of protec 


¥ Moreover, the order of basicity of their conjugate bases is F > C}- 
base means a weaker acid, therefore, the order of acidity of HX acid: 
Hence acidity increases down the group. 


> Br>T. Since, a stronger conjugate 
Is is HF < HCl < HBr < HI. 


%+HO +  HX+HOx 


(3) Arrange the halogens in the decreasing 
The order of oxidizing power is 


Fr>Ch> Brz > Ip (weakest oxidting agents), 


order of thelr oxidizing power. a 
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Be eeasone for tha tio 
{) Chlorine Is a stronger oxidi 


a 
Ing agent than fodine 


Iris due to tv 
+ The elec 
s The hydi 
solution. T 
ttm 


stronger oxidi 


ns, the 


) Hologens are the best oxidizing agents 
Asubstance that | to 
The haloge: 
have a grea 
eg. 


ave high el 


ae 


endency to accept elect 


X, + H,0 » HX + HOX 


(¢) Fluorine is a batter oxidizing than chlorine. 
It is due to two reasons 

¢ The bond dissociation ener 

* The main factor, however, is hydratic 

$0 it will form readily in solution. Thus fl 

Hence, fluorine is a much st 


ger Oxidi 


It is due to increase in size of ha 
Due to increase in size, the distar 
pairs are less strongly attracted and so, 


sgens down the 
ng P 


e electronegativity 


e of bor 


er 
Food and Beverage Canning 
History 


on MAS early as 1940, can manufacturers began to explore adapting cans arbonated soft 
important points were investigated for their production 
te Ml) The can had to be strengthened to accommodate higher | r roatoaati 
(especially during warm summer months). It means i Seal tiead in 
(Otherwise, distortion of the end «suid strain the seal, creating ps leak ideas ar 
storage and transit. 
H’Another concer for the new beverage can was its shelf life. Even small amounts of dissolved tw 


the can could impair the drinking quality of both beer and soft ci 
Forlunately, beer, which is only mildly acidic, is relatively noncorrosiv« lmaddition: beer ace 
has a limited shelf life of about three months in any package. 

In contrast, the food acids, including carbonic, citric and phosphoric, in soft « 
corrosion of exposed tin and iron in the can. 

‘The consequences of off-flavors, color changes and leakage through the metal needed | 
point, the can was upgraded by improving the organic coatings used to line the inside, makir 
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ae TSIMETALS ~ THEIR MINING AND EXTRACTION 
ifferent elements/metals are not obtained such rather these 
These Steps are: 
(1) Mining and enrichment 
(2) Reduction 
(3) Refining and Casting 
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are obtained after passing through different ste 


In fact some Special methods are used to obtain each metal from its ores and to devel 
How 


lop it into useful artic 
ever, few steps are common in the metallurgy of every metal. These are follows. 


(1) MINING SR Se NS. 
Crushing 


* Obtaining ores by digging the rocks and hills is called mining. 
* This work is done by engineers and laborers with the help of machines. 


* But before this work it is confirmed by survey and analysis that obtaining metals from this is economi 
Or not. 


(i) Grinding 


Breaking of rocks and larger stones into smaller size stones is called crushing 
* This is done by jaw crushers, 


(ul) Hand Picking, Jugging and Shaking 


+ In Pakistan and other under developed countries where labour is cheap, metallic stones are picked anc 
Separated by hands. 
* Heavy metals are se 


parated from useless material i.e. gangue, by shaking with “chaage” 
* In some counties thi 


is process is done by pressurized water. 
(te) Magnetic Separation 


* The ground ore is Passed over a magnetic belt which separates the magnetic metal from gangue 
* This process is sued for metals whic 


ich have magnetic Properties like iron, 


© Then they are Passed throu. 
* The process of reduction is 


Blast Furnace 
* _Itis lined inside with fire bricks. 
& : 


a 
a 
a 
bred 
if 
Ay 
Pa 
2 
A 
a 
g 
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pprinING OF METALS 


the above process are further refined by the following process 
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~ Metals extracted 

qperHeorth Process: 
Afi ace is used to remove the impurities of metal. 

i ins fire bricks and is just like a room. 

gases are entered from one side and exhaust gases are removed fro! 


le wi 


opposite end, The 


is two way 


Temperature 


—  Hotair - 


. Bleaching powder is actually a mixture of c 
CaCl, H,0 with some slaked lime, Ca(OH), 


* Bleaching powders take time to dissolve in water and longer to work. E 
comparison to liquid bleaches and can be used on items like upholstery, 

© However, bleaching powder should never be coi i 
cause fading. 


ammonia or 


* Bleaching powder is used for bleaching cotton and line 
disinfectant sprays, moss and algae removers, and weedkillers 
* Bleaching powder is highly effective for cleaning inside 
¥ Itcan be used for removing mildew from fabric, c 
between tiles, bathmats and shower curtains, 
¥ Outside, the agent can be used on plastic furniture, ur 
eliminate mildew and other stubbom stains. 
* Bleaching powder can be used to safely disinfect. 
¥ It can sterilize many things around the home inc! 
and baby toys and furniture. 
% Bleaching powder is a highly effective means o 
Glassware can regain its sparkle by adding a 
washing glasses. 
* Gardening 
¥ To kill any annoying weeds growing from crac 
bleaching powder and water is applied 
¥ Moss and algae on garden walkways can be easily eliminate 
diluted in water. 
% ‘ee eben for sanitizing garden 
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ants, aerosol 


One of the most important fluorocarbons is poly (tetrath. 
name Fluon or Teflor 


equently sold under the trade: 


: 
Iodine Deficiency i 
* Tedine is an siement that is needed for the production of thyroid hormone The human body cannot 

synthesize iodine, so it is an essential element. 
* The deficiency of iodine leads to enlargement of thyroid a condition called goiter 
* Hypothyroidism and mental retardation in children and infants is observed if their mothers suffered from ¢ 
iodine deficiency during pregnancy. 
* Belore 1920, iodine deficiency was common in Appalachian, north western US regions, and 


in most of 
Canada. Approximately, 40% of the world’s populati 


ion remains at the risk of iodine deficiency, 
Goiter; 


* The term goiter refers to the abnormal en! 

© [tresults in swelling in neck. 

* It is important to know 
malfunctioning (hypothyroidism). 
hormone (hyperthyroidism) or 


largement of thyroid gland due to deficiency of iodine in diet 


FLUORIDE TOXICITY 


. Fluoride toxicity or fluoride poisoning is @ condition in which mor fluoride j at 
Fequired for normal growth, development and metabolism, me tivoride is taken than the amour! ¥ 


Fluoride toxicity is characterised by a variety of signs and symptoms. 
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fo Potoning 
peratict 
¢ Phuornt 
ports 
¢ Pluoeid 
wo 
) 
: (a A 
(Ho) | 


sWORIDE DEFICIENCY 


ef 

o Fh 
 B 
(m) 
(0) Wea’ 
(to) Plu 


(1) How differ 
Differen 
@ Mining a 
(MW) Reductic 
(i) Refining and ¢ 


12) What problems are caused by fluoric deficier 
Fluoride 
(0) Brittle bones or ce 
(i) Cavities 
(itt) Weakened tooth 
(ty) Fluoride deficiency 


(3) What ts gotter? 

‘The term goiter refers to the at 
in swelling in neck. A goiter ir 
abnormally. 

It is important to know that the pr 
malfunctioning (hypothyroidism) A 


Halogens and their compounds ore used or 


hormone (hyperthyroidism) or even the correc’ = 


rosols, et 


College Chemistry: Federal Board. py, 


of their valence shell. They lose one electron of the vale 


ce shell 


to give hydrogen. The other members 
nitrogen peroxide and 


combination is termed as 


tow electron of whic 


The halogens are very react 
but iodine is solid 


ey have four electron in their valence she! 
n als. 


down the group, fluorine is a ge 


They form ionic compounds with s-block metals, covalent co: 
fons with d-block metals. Fluorides are usually ionic 


They show oxidation states -1, +1, +3, 


ind with p-block elements and comple 


, +5, +7 but fluorine shows the oxidation state of -1 only. 
Oxidizing power of halogens decreases down the group in the follow 


ing order: F,>Cl>Br,>I, 
Reducing power of halide ions decrease form I- to Br- 


Chloride and fluoride ions are not reductants. 
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(i) Whenrsodium burn in air, It forms sodium: 
(a)Monoxide —(b) Peroxide (c) Oxide 

(h) The carbonates of alkali metals are not affected by heat except: 
(@).LisCO, —° — (b) Na,CO, ( - ~(d) Rb,CO. 

fp) Green is characteristi : 
{@) calcium i (c) st 


m s 
(W)All the carbonates, sulphates and phosphates of alkaline earth metals are In water. 
(a) sparingly soluble —(b) soluble (c) insoluble q 
(iil) “The first ionization energy is higher for the» 
(a) Alkaline earth metals (b) alkali metals (c) halog ‘dj noble gase 
(oli)Which one of the element has the maximum electron affinity’ 
(a) F @ a) () Br 
(x)Which pair has both members from same p 
(a) Na-Ca BLNa-CI 
(x) Melting points and boiling points of alkali metals 
(a) decreases from top to bottom — (b) increase from top to bottom 
TeHfitst increases then decreases (d) remains unchanged 
(x) Which one of the following oxides is Amphoteric in nature 
(a) Rubidium oxide yBarium oxide > — (ci. Sulphu 
(sil) Oxidizing power of halogen depends upon : 
(a) energy of dissociation (b) electron affinity (c) heat of var dhall of e 
(sill) Which of following oxidé Is Amphoteric in nature? . 
(a) MgO BeO {J CO, Sn, 
(xiv) Select the correct increasing order of atomic radius? 
(a) Ne>O>S>Al (b) Ne<O>S>Al q) Ne>O 
(xv) Due to inert pair effect . Oxidation state is more stable than For Sn and P(b) 


(c) 44, 24+ d)2+.3 


(b) 1+ , 4+ 
st electron affinity is shown by? 
— (c) Bry (alc 
(xull) Which is the Rpera past reducing agent? 
(a) HF (b) HCI dc) HI (d) HBr 
(soll) Substance g-at higher temperature among following Is 
{a) HI (b) HF (c) HCL (d) HBr 


(dx) Group VII-A elements are generally called: 
Hat (b) Noble gase: {c) Inert gase: id) M 
terme teecve ee 


rdioactive element in-halag , 
(a) Radon (b) Radium ( (c) Astatine (d) Br 


Group | elemen highly electropositive metals. So. they 
et demens  y e.g. No,0 and NaOH 


4() Although 


and P are present in the same period yet their 
while P.O, 


scidic why? 


different in nature Na,O is | 


Na,O + HO + 2NaOH 


Phosphorus &s @ non-metal 


produces HPO, which is an 


mation of HsPO, 


P:0,+3H,0 +  2H,Po, 


How ocidic basic and amphoteric behaviour of oxides te explained? ner 
‘An emphoterie oxide shows both acidic and basic proper: e@g{BeOy 
It reacts with acids to form salts 


BeO + H,SO, >  BeSO, + H,0 
tralso reacts with bases to form salts. 


BeO + 2NaOH > — Na,BeO, + H,0 


geen PBlock Blements Ls] 


etals show strong ¢ 


i) Why do group 1 metals show strong reducing pre es? : 
In ar 


s excellent reducing 


iii)_Why different colours are imparted by the atoms of the group 1 metals to the flame? 


The alkaline eai 
inlearth’ crust) 


The melting and boi 
elements have two val 


4) How do group 1 metals resemble | with group 2 metals. 


1. Both alkali and alkali 
s-orbital. 
Elements of both groups ar 
Elements of both groups do no’ 


|. They have one electron in their outermost s- 
orbital. 
2, They have low melting points than alkaline 2 
earth metals. 
3. They have relatively larger atomic size 3 
4. The alkali metals are relatively softer than 4 
alkaline earth metals 


low values of ionization 


CH # 13: s and p-Block Elements 


nemgies. 
16. Their o 


Oxides and | 


in nature ‘ 


Mg+H,O- MgO + Hy 


10. Their hydroxides are strong The : ‘ 5 
| 11: On heating, their nitrates give nitntes and |11.On heating, the tes . 
| Oxygen except L Togen peroxide and oxyge 
| 2NaNO, -- 2NaNO, + O, 2Ca(NO,), -» 2CaN+4NO, + O; 
jes 


(xi the metallic and non-metallic character of group 4 

ic character incr 

* Carbon, Silicon and 

© “Grey tin” or “alpha-tin’ 

* The “white tin” or "beta 
packed arrangement 

¢ Lead also shows mi bo: 


Thus, a clear trend is found down the group from the typical covaler t etals to the metallic bonding in 
metals. 


allic bonds in a close 


ar-neight 


(sil) Discuss the general group trends of group 7 elements, 


* Atomic radius, melting points and boiling points increases dow M the group due to increase number of shells. 
Greater shielding effect and less nuclear change 

* Electronegativity, electron affinity values decreases down the grour 

* The bond enthalpies of the CI-Cl, Br-Br and 1-I bonds decreases dow 
size except the F-F bond. 


* The oxidizing power decreases down the group. 


4e to increase in atomic size. 
n the group due to increase in atomic 


(xto) Why the term halogen is used for group 7 elements? aes 


These form salts on reacting with metals, 
e.g. 2Na + Cl, > 2NaCl 


Other examples: KBr, NaF, LiCl, RbCt ete. 


so they are called halogens. (Halo = salt, Gen = former) 


Differences 

1, F has very small size. Thus it can from elfective over 
with other elements except N, O and itself Thus 4 
from shorter and stronger bonds 

2. Ionic fluorides have 
halides, thus th 


(x0) Why does fluorine differ from other members of its 
group? 


Fluorine differs from its family members due to 
() Small size of F atom and F- ion 
(H/) High first ionization energy and electronegativity 


(iit) Low dissociation energy of F, molecule as compared to 
Cl, and Br, 


(iv) Valence shell restriction to an octet, 


5. Due to restriction to an octet, 
‘state, while other halogens 
states, 


F shows only ~1 oxidation 
show variable oxidation 


. Only F reacts with noble gases direct 
nip F re ‘850s directly like Xe and Rn to 
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What Is the structure of CO; and SiO, and why they differ? Sa eae 


¢ The CO, exist in molecular form with weak intermolecular fore 
dipole moment is zero, therefore it is a linear molecule. 
forces it exists as gas at room temperature 


Due to weak 


+ The SiO, is a macromolecular compound. In this s 
atoms are linked together covalently in continuous c! 
solid unlike carbon dioxide. 


The difference in structure of SiO, and CO. 


2 is due to the following two | 
reasons + 


ONG 
(i) Silicon atoms are much larger in size be 0 ° 
surrounded by more oxygen ato: EEN 
(ii) Silicon from only single bond cio 


double bonds. 


{all) CO, Is a gas while SIO, Is a solid although C and Si belong to the same group? 
The CO, exist in molecula: 
linear molecule. Due to weak forces 


s dipole moment is zero, therefore it is a 


are linked together covalen 


continuous chains. Thus, silicon dioxide is a non-vol 


e and 


Goll)_Explain why nitrates and carbonates of Li are not stable? 


The nitrates and carbonates of Li are decom 
L,CO, +  Li,0 + CO, 
4LiNO, +  2Li,0 + 4NO, + 0, 


Lihas smalll size. So, the gain in electrostatic attraction while con 
Cation like K*, the gain in electrostatic attraction is relatively m| 


}osed on heating 


able. In case of large 


n is difficult. 


:) Differentiate the behaviour of Li and Na with ati 


Lithium bums in atmospheric oxygen to form the normal oxide, Li;O 
AL1+0, —2Li,0 (Lithium oxide) 

Sodium burns in atmospheric oxygen to form the peroxi 
2Na+O, > Na,O, (Sodium peroxide! 


“Alkali metal carbonates are more soluble that alkaline earth metal carbonates. Why? 


The alkali metals cations have relatively larger ionic siz, 
"have M? ions. Therefore, in carbonates, they have loo: 


; Hence, they dissociates in water easily 
aia iimetal carbonates are more soluble than alka potas 


metals cations. Moreover, they 
forces, So their lattice energies 


solubility of alkaline earth metal carbonates decrease down the group? 
tthe fonic size increases down the group. Mo: 
Targer the size of ion, lesser is the hydration and s 
ibility of alkaline earth metal carbonates decreases down 


fe anic 


bility. So, due to difficulty ir 


CH # 13: and p-Block Elements 


Fe 
(xxi) Oxidizing power of F; is greater 


Itis due to three reasons. 


* The bond dissociation energy of fluorine is quite low, so it will dissociates rapidly to take up ele 

* The electron affinity of F is greater than I, so it will take up electron more readily 

* The F- ion has hi 
main factor 


igh hydration energy due to small size, so it will form readily in s 


It means that fluorine will take up electrons readily to form F- ions than iodine. Hence, fluor 
Stronger oxidizing agent than iodine. 


(xxiii) HF is weak acid than HI. Why? : 


In HF, molecules are Hydrongen-bonded in a zigzag manner. Thus, _nysayen vont 


H-atom is entrapped between two F atoms as shown in the fig. Salih , 
Moreover, the bond energy of H-F bond is considerably greater than H-I tee oe 
bond. Thus, HF cannot donate its H* ions easily, hence it is a weaker acid. 6 


(xxiv)On what factors does the oxidizing power of halogens depend? e 
Following factors affect oxidizing power 
(a) Energy of dissociation (b) Electron affinities of atoms —_(c) Hydration energy of ion: 


Ifa halogen has low energy of dissociation, high electron affinity and high hycration energy o} 
itwill be a better oxidizing agent. On the basis of these factors, the order of oxidizing power is 


F, > Cl, > Bry > Ip (weakest oxidizing agents). 


5 
rgy and melting and boiling point is not smooth. Justify it, 


as 

In a group in periodic table, the inregulariy is due to the filing of the d-orbitals and forbitals in lower 
members of the group. Since d and f-orbitals have poor shielding effect, so they cannot shield the valence 
electron effectively. Hence, the pattern becomes irregular, 


itis a 
Melting and boiling points largely depends upon the structure of elements, 


e.g. Group’1 and 2 elements exist as metallic ctystals. Thus, the melting points and boiling points of group 1 


and 2 elements decrease from top to bottom due to increase in size. It is because larger size atoms have 
weaker forces than smaller size atoms. 


However, non-metals of groups 7 exists as molecul: ; 
increases down the group. Larger molecules have 
and boiling 


(b) Why atomic radius increases in group and decreases along the period. ae 
. 


The number of shells in all the elements of a given periods remains the same, ae 
* The value of effective nuclear charge, i 
‘ 


The atomic radius increases down the group from lithium to caesium. It is because, 
shells increases. So, the atomic volume increases, Hence, atomic and ionic radii (of M* 
to caesium, 
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fi Describe the trends in reaction of period 3 elements with water. 5 
See Poge 7 


Ghe melting and boiling pints of the elements increase from 
(ments and decrease onward. Why? 


see Poge 6 


Discuss the metallic oxides and silicon dioxide under the following headings: 


(a) Structures we ae ae 
Metallic oxides: Sodium, magnesium and aluminium oxide 


Silicon dioxide: Crystalline silicon has the same 


structure atoms of both silicon and oxygen are pr 
In SiO, each silicon atom is bridged to its neighbouring 
atom. 


ructure as 


(b) Melting and Boiling points 
Metallic oxides and silicon dioxide have giant structures. Thu have high 
melting and boiling points. It is because a lot of 
the strong bonds (ionic or covalent) operating in three 


{c) Electrical conductivity. 
Metallic oxides: Metallic oxides are ionic in nature. They cannot conduct 
there are no free ions or electrons in solid state. 

However, the ionic oxides can conduct electricity in molten state. It 
molten state. These ions show movement towards the electrodes wher 


electricity in solid state because 


because free ions are present in 
ey discharge themselves. 


sjent bonds. Hence, there are no free 


oxide: In SiOz, all four'electrons of Si are used in formir 
jons or electrons in SiO, so it will not conduct electricity 


Uli)Discuss acid-base behaviour of 
() Aluminium oxide 

It is an amphoteric oxide. It gives reactions as both a base ar 

Aluminium oxide will react with hot dilute hydrochloric acid to ¢ 


solution 


minium chloi 


Al,O, + 6HCI + 2AICI, + 3H,0 
With hot, concentrated sodium hydroxide solution, aluminium oxide reacts to give a colourless solution of s 
odium tetrahydroxoaluminate 
Al,O, + 2NaOH + 3H,O > 2NaAl(OH), 
(i) Sodium oxide 
with water to give the sodiur 


Itis a simple basic oxides. It reacts 
Na,O+H,O — 2NaOH 
Tereaets with dilute hydrochloric acid to give colourless loride sc vend 
Na,O + 2HCI - 2NaCl + H.0 


you go down the group? 


differs from other members of its group? 


chloride covalent and not ionic? 

electronegative and less electropositi ; 
ly. Hence, it will not form ionic bond with chlorine. Insteac 
mn thioride which will be covate: ture 


not lose its 


15, So, it d 


t will share its electrons with 


ve than its family mer 
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) (a) Why do some metals form peroxides on heating in oxygen? 
The peroxide ion has a weak covaioa & a 

density. So, when they ca 

Be"? Mg’? have high ¢ 

larger atomic size have | 


ll size metal ions have high charge 
peroxide ion is broken. e.g. Li", 
so they cannot form peroxides. The metals which have 
x Na’, Ba”? 


form peroxides. e. 


(b) Why do group 2 elements form nitrides on heating in air? 
To form a group 2 me 


Convert nitrogen molecu! 


e, (i) to form M*? ion and (ii) to break and 
Since, M7? i I size so they have high charge density and 
hence develop strong attractions for N* ion, Therefore a lot ot energy is released as lattice energy. As a result, the 
Energy given to form ions is compensated by the relea: 


becomes energeticaily favourable. Therefore, group 2 elem 


e formation. Hence, the reaction 


nilarly Li also form nitride. 


(©) Discuss the trend in solubility of hydroxide of group 2 elements. ; a 
The solubility of Group 2 hydroxides increases down the group as shown by the solubility products 
Be(OH), = 1.6 x 10% Mg(OH), = 8.9 x 10"? 
Ca(OH), = 1.3 x 10+ Sr(OH), = 3.2 x 104 
* Thus, Be(OH), and Mg(OH); are almost insoluble in H.O. 
* The hydroxides of other metals are slightly soluble 
Itis because, lattice energy decreases down the group due to increase in size. 


(ol) Discuss the trends in thermal stability of the carbonates and 1 nitrates. 


Group 1 compounds are more stable to heat than the corresponding compounds in Group 2 
The lithium compounds behave similarly to Group 2 compounds. 

The test of Group 1 behave similarly but in a different way than Group 2 

* The carbonates (M,CO;) are highly stable to heat, 


* With increase of electropositive character from Li to Cs, the stability of these salts increases. 
* Their nitrates decompose on stron 


g heating to the corresponding nitrite and O,. 
2NaNO, + 2NaNO, + O, 


* The LINO, decomposes completely to give corresponding oxide, NO, and O, 
SLINO, ~ 2Li,0 + 4NO, + 0, 


* All carbonates decompose on heating at appropriate temperature evolving CO, 
mMcO, + CO, + MO 
© The values of the decomposition temperatures of these carbonates as given below: 
BeCO, = 25°C, MgCO, = 540°C, CaCO; = 900°C, 
S1CO, = 1290°C, BaCo, = 1360°C F 
Thus ease of decomposition decreases down the group 
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mples that Beryllium hydroxide in Amphoteric? 


An amphoteric oxide shows both acidic and basic properties. e.g. BeO 


It reacts with acids to form salts 7 
BeO + H,SO, + BeSO, + H,0 ¥ Gk 4. he 
It also reacts with bases to form salts 


BeO+2NaQH  -} —Na,BeO, + H,0 \ ; ‘ 7 
wx : i 
! ji) Explain the trends in oxidation states with suitable examples. Ay \ z i 
5 See Page 38 ‘ \ ‘ - J 


her kok, 


{s) Discuss the inert pair effect in the: 


(a) formation of ionic bonds (b) formation of covalent bonds a ¥ 

~ See Page 39 

(x) Discuss in detail acid-base trend in group 4 oxides. ies 

_SeePage43 Davai 

(x) Explain in detail the trends in group 7 of following physical properti TD CRE Soe = 
(a) Electronegativity (b) Electron affinity Haut 
SeePage45 : 

(xii)(a) Why is the bond enthalpy of F-F less as compared to CI-Cl and Br-Br? ei 

@  Itis due to very small F-F bond length than other X-X bond lengths, So due to short distance, the F atoms in 


slecule into F atoms 


F, molecule repel each other and thus the dissociation of 

* XX bond in Cl, and Br, molecules is stronger than F-F bond 
the formation of multiple bonds in X-X bond with d- orbitals. 

Hence bond enthalpy of F-F bond is less as compared to C 


pmes easy 
to the possibility of 


F, molecule. It is « 


t/power. 


(b) Explain the order F>CI>Br>I with respect to oxidizing age 
The oxidizing power of halogens depends upon dissociation 
net energy released from all these process decreases down the gro 
energy while formation of I ion releases least energy. It means that fluorine will take up electrons readily to form F- 
ions, Thus, F, will have highest oxidizing power among halogens. Similar ast oxidizing power 
among halogens. 
Hence, the order of oxidizing power is Fz > Cl, > Brg > Ip (weakest oxidizing agents) 


affinity and hydration energy, The 


‘s, formation of F- ion releases most 


chlorine? 


(xiil)(a) Why is fluorine much stronger oxidizing agent th 


rapidly to take up electron 
y energy due to small siz 


$0 it will 
jorm F~ ions than chlorine. Hence, 


¢ The other factor is hydrati 


Tom readily in solution. Thus fluorine 
fluorine sa much stronger oxidizing agent tha 


take up electrons read 


\ \ , Sn \ 

(b) HCL ts strong acid as compared to HF. Why? ‘“« VY —\\ : 
In HF, molecules are Hydronge-bonded in a zigzag mann . between two F atoms as 
shown in the fig. Moreover, the bond energy of I! F bond i t an Hl bond. Thus, HF 
cannot donate its H* ions easily, hence it ts a weaker ac id. Nabe \ne> \ 5 \ ' P 


\ Aes 
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in loss of marks 
-ssive Increase of 


electronic shells (B) proton shell {C) neutron shells (D) neucleus 
() Green is characteristic flame colour of | 
(A) calcium Ren aes 
{M) The flame colour of sodium metal or is compounds ts ‘ 
(A) — bright crimson (8) violet (C.aolden yellow a ated 
(1) Due to small size of Be"? lon, the oxide of BeO Is 
(A) ionic (B) coordinate {C) coralent (D) none of these 
(e) Sulphur dioxide ts Jatrly soluble in water, reacting with it to give solution of z 
(A) HSo, B) H,S0, (©) HO, speed 
{ (vi) Al,O, ts 


(C) basic oxide 


(D) botha and 


metal oxide B) metal hydroxide (C) metal (D) superoxide 
(vill) Highest electron affinity ts shown by 
q (A) Fy (B) |, (C) Br, (D) Cl, 
(ix) Reducing powers of halide tons... > from I for Br 
reas: (B) decreases (C) remain same (D) none of these 


(3) The increasing strenath of halogens os oxidizing agents is 


Gy ee Bu>Ch>F  B)F<Ch<Ba<l  (C) F,>Cl,>Br,>1, (D) Cl, > Br, >|, >I 
(x) All the carbonates, sulphates and Phosphates of alkaline earth metals are ...... 


In water 
(A) Sparingly soluble (B) soluble {(C) insduble (D) sduble 
(stl) Lead (It) chloride PbCt, 1s 
{A)_white solid (B) liquid (C) volatle compound (D) both b and 
(xl) Ge?* compounds are 


s (B) Oxidizing agents (C) both a and b (D) none of these 
(xlo) Substance boiling at higher temperature among following is 
(A) HI (C)HCl (D) HBr 
(xv) The reactivity of alkali metals generally increase from 
ito. (B) bottom to top 
{C) remain same throughout the group (D) none at these 
(sol) The carbonates of alkall metals are not affected by heat except 
(B) Na,Co, (©) K.co, (D) Rb,CO, 
(suit) The radioactive element in halogen sroup Is 
(A) Radon (B) Radium {C) Astatine (D) Bromine 


Time: 2:35 Hours 


Total Marks Section B and C; 68 


Q2. Attempt any FOURTEEN parts. The anna 
() Although Na and P ay 


{a) Write down the reactiord of Mc 


lg with cold and hot water. ie 
(b) Draw the structure of ortho siicic acid, 


(02) 
i (01) 

(iti) Discuss the metallic and non — metallic character of & . 
(lv) How hydrolysis offfrahalides takes place, ne ee erethe i ia 

(v) O2 is a gas while Si02 isa solid although C and Si be 

(vi) HF isa weak acid than HI. Why, Hong tothe same group, (03) 
(vil) (a)Show the amphoteric nature of BeO (03) 
(b) Wee down the names of rect formed when Sl, react with (02) 


(gta 13:9 end pBlock Elemente [6s | College Chemistry: Federal Board: Port 
wit The oxidizing power of F, is greater than Cl. Why 3 

fa) Discuss the general group frends of group felemen 3 

fi HowNaoH react with HPO? 3 

oi 

jad 

a) haviour of Li an 

oh) of alkaline eart ps 

wo) 

a) Why normal oxides of alkali metals are not : to n of metal and O,? (03) 

i) Explain the frend of density in alkali metals. rt 

evil) On what factors does the oxi rer of ° 

(si) ; 


Section ~ C 


Ly 


Attempt any TWO questions. All questions carry equal marks. (2 «13=26) 


Ql. Discuss the metallic oxides oxide under the f seating 
(a) Structures 1 
(b) Helting and BoilingPoints 05) 
{c) Electrical conductivity P SAN 4 
{a) Why is fluorine much stro th ai ~ x 
(b) HClis strong acid 
(c) Explain the trend 
(i) Electrongtivity 
(ii) Electron afficity 
Q3. (a) The pattern of first ion 
{b) Why atomic radius is 
{c) Describe the frends in react 
(4) Why Beryhluum chloride covalent and not ionic A ( 
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CHAPTER # 14 Feo 
d and f-Block Elements: 
INTRODUCTION 
Definition 
The elements which have Partially filled d or f-orbital either in their atomic states or in other common oxidation 
states are called transition elements. 
* They are called d-block or f-block elements. ; 
* _dblock elements are called outer transition elements and f-block elements are called inner transition elemer 
Why are they called transition elements? a $ 
© They are called transition elements because they show transition in properties between s and p-block t pe 
* Thus there is a transition between highly reactive and strongly electropositive elements of s-block which forrr Exerel: 
onic bonds on one side and p-block elements which form covalent compounds on other side oe 
Series of Transition Elements: = an = Th 
The d-block elements consist of following three series of ten elements each 
(1) 8d-Sertes: From Scandium (Sc=21) to Zinc (2n=30) 
(2) 4d-Sertes: From Yttrium (Y=39) to Cadmium (Cd=48) 
(9) Sd-Sertes: From Lanthanum (La=57) to Mercury (Hg=80) _(Lonthanide series rare-carths) exc luded 
. 
The f-block elements constitute two series which are: 
(1) 4f-Sertes: From Cerium (Ce = 58) to Lutetium (Lu = 71) 
(2) 8f-Series: From Actinium (Ac = 89) to Lawrentium (Lr = 103) which are called actinides, . 
General outermost configurations: : r 
(1) d-block elements = (n-1)d™ ns? 
(2) flock elements = (n-1)d! (n-2)f" ns 
Remember! 
The electronic configuration of zsMn Is 1s" 2s? 2p* 3:2 Spt dct 3d or 1s? 2st 2p* 3s? 3p* 3a* 4s? 
So, the valence subshell is 4s* le. ns®, then d-subshell is 3d? Ie, (n-I)d*. Thus, coefficient of d-subshell is one number les 
than the s-subshell. So, the general configuration is (n-1)d! st The de® means 1 to 10 electrons may be present 
Similarly, for f-block, the d-subshell is one number less but the f-subshell is two numbers less than the s-subshell 
Thus, their general configuration is (n-1)d" (n-2)f"™ ns? : 
(1) Tr 
Why ts Zn-group included in Transition elements? = 2) 5, 
2n, Cd and Hg are not regarded as transition elements 


Coinage metals are transition elements. duistify the statement, a 


Coinage metals are Cu, Ag, Au. They are transition elements since Cu?* has 3d? configurati has a 4a" Sy 
ane Au? has 5d" configurations, Although all thse metals haved confauratesce a ae 6) 
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on aca oft -block elements in the periodic table 


Following diagram show the position of d-block el 


LA 
\<—_ d-Block ments ————> 
IA (Transition clements) SULA LV 
Tightly 
reuctive 
n ls and 
form ionic 
compounds 
n 1 1 -f 


Position of d-block elements in the periodic table 


Frercise Q3(i) (b) What are typical and non-typical transition elements? 


Typical and non-Typical Transition Elemen 
The elements of the group II-B and III-B ha 


IL-B 
soln = 


48734? Se = 
Cd = .....5s%4d” yY 
wHg = .....6s*5d"” pla 

* Itis clear that the elements of II-B i.e 

state or ionic state. They do not show th 
extent. 

* The elements of the group II-B are 21S 

transition elements. In the compound 

they do not have any electron in d-o 

For these reasons, the elements of a 


) They are all metallic in nature 
2) Some of the transition elements play an important + 
W, Zr, Nb, Ta and Th etc. 
They are all hard and strong metal with high + 
electricity, 


They form alloys with one another and other elem 


Wit wf excretions they show variable oxidation sates 
eestor nthe sol! state an 
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(1) Give the electronic configuration of the elements of first transition series. 


First Transition series is 3d-series. It in 
(The electronic configurat 


on is gi 


Sat. = = Pa RTT is e first transition series (z=2 
(2) Write the general state electronic configuration (s, p. d, f) of the elements of the first transition 21 
to 30) indicating the number of unpaired electrons in each case. 
The general state electronic configuration is (n-1}d 


Scy = Is? 2s* 2p‘ 3s? 
Tin = 
5 ea 


guration of ele 


Cry = 
Mn = 
Fox = 
Con = 
Nix = 
Cus = 


Zny = 


(3) Give the names, symbols and electronic configuration of the elements of second transition se 
The second transition series is 4d-series. It includes 10 elements from s¥' to ygCd. The electronic configuration 
of 4-d series elements is: 


Transition 


Electronic configuration 


Yttrium 1s? 25? 2 3d!° 4p’ 

Zirconium Is? 2s? 2p* 3s? 3p® ds? 3d! dp? Ss? aa 
Niobium 1s? 2s? 2p* 3s? 3p* ds? Bd! ap® Ss? 

| Molybdenum Is? 23% 2p® 3s? 3p 4s? 3d! ap? Ss! 4c? | 
Technitium _| 1s? 2s? 2p* 3s? 3p® 4s? 3d!° 4p? Ss? aa | 
Ruthenium 1s! 26? 2p Se¥ 3p? as? 3d! ap® Se? da* | 
Rhodium As? 2s? 2p* 3s? 3p* 4s? 3d" Ap? Se? 4a? 
Palladium Is? 2st 2p* 3s? Bp® 4st 3d! ap® 5s? ag? | 

| Argentum (Silver) [s* 2st 2p 3s? 3p 43? 3a!” apf 55! aa | 

| Cadmium 1st 2st 2p* 35% Spf ds? 3a!” ap? 5s? aa? | 


(4) Discuss the trends and variation in oxidation states 
See Page 70 


(valency) of transition metals. 


(5) Explain the magnetic properties of transition metals. es 
See Page 71 


(6) What do you understand by diamagnetism and paramagneti: a 
See Page 71 cee 


FCTRONIC STRUCTUR 


Plectronic distribution of first series of transition 


ig = Is 2s' 2p'3s? 


fy = Is? 2s? 2p* 3s? 
2 2s? 2p’ 3s? 3 
2s? 2p’ 3s? 
2s* 2p 3s? 
2s? 2p* 3s? 
= Is? 2s* 2p* 33? 
2s? 2p® 3s? 


ation 


3d-block elements 


Elements 


Sec (21) 
Ti (22) 
V (23) 
Cr (24) 


Mn (25) (Ar) 3d°4s* 
[Ar] 344s" 
[Ar] 3d74s* 


Is* 2s? 2p° 3s? 3p% 4s'! 3 
3p* as! 3 
Hy > Is* 2s* 2p®3s? 3p 4s 


Electronic 
configuration 


7 How does it affect the following properties? 


ECTRONIC DISTRIBUTION OF 4d AND 5d-SERIES} 


The following table shows the electronic 
The elements of the group number VI-B, i.e. Cr group s! 
Similarly, the elements of the group I-B that is Cu-family also s 
Following table shows the electronic distribution of 3d, 4d, 5d series 


4d-block elements 


| Elements 


Te (43) 
Ru (44) 
Rh (45) 
Pad (46) 
Ag (47) 


tribution of 4d ar 


t 
Cd (48), | 


(Ar) 
(Ar) 
(Ar) 
(Ar) 
(Ar) 
(Ar) 
(Ar) 
(Ar) 
(Ar) 
(Ar) 


Elements 
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Exercise Q3(i)(a); What is the valence shell configuration of transition elements? 

For this see | How does it affect the following properties? 

above page 69 (i) Binding energy (ii) Paramagnetism (ii) oxidation states 

Spree - 


The mechanical properties of transition related with the binding e 
Transition elements are tough, malleable and le 
The toughness of the metals is due to greater binding energies. 
It is because the s-electron of outermost shell takes 
chemical bonding, However, the electrons of 
d-orbitals also participate in bonding. So, th 
binding energies and toughness 


70 


2 
8 


Variation in binding energies: 


3 


The number of unpaired electrons increases up to group 
V-B from left to the right in any d-block series. i 
V family (group V-B or group 5) or Cr family (gr 
or group 6) 

© After that the pairing of electron starts 

+ The unpaired electrons become zero at group II-B 

It means that binding forces go on increasing up to Cr and 


then decrease after that, This is shown for the elements of 
3d and 5d series in the figure 


are 
esses 


Binding energies (units of 10° J m: 


° 


20 40 


Atomic number 


Quick Quiz-1 (4): Discuss the trends and variation in oxidation sta 
VARIABLE OXIDATION STATES pers 
* Transition elements are electropositive, so they have positive oxidation states. 


* All 3d series elements show an oxidation state of 
4s-orbital take part in bonding. 


tes (valency) of transition metals. 


+2 in addition to higher oxidation states when the el 


ni I fates. The reason is that they have d-electrons in ad 
s-electron for bond formation. These elements have several (n-1) d and ns electrons. The energies of 


and ns orbitals are very close to each other. The (n-1) d electrons are as easily lost as ns electrons. 
* In the highest oxidation states of first five elements, all 


Sand d-electrons are used for bonding. Mos: 
* Among the 3d series, Mn has maximum oxidation states, and goes up to +7. Catal 
* The oxidation numbers +2 and +3 are more common. due 


a 


ter that they decrease. |t is beca 
reases. 


ries and 
number of unpaired electrons increases up to the middle and then deci 


Oxidation states 


4 
| 
te 28 


2 

Ti [Ar] 34s 144 1 Caer tee | 
V_ IArl 3d'4s)— 1-4-4 aL oye ese Wey Ni, 
Cr fArl 3d’4s) 114144 «4 eet net yen alkiy 
Mn Atl adtay 4-4 44 en 3 SaaS iGs Ving 
Fe lath agar 1.11410 Us 3 tals g 1 
CoA aaas ALA Me4 a 3g Tey 
Ni fay) 3d'4s' A114 234 \ 
GUAT Gata ANNA 1 1 2 3 

(Ad aan qt LALA 4 2 


= Sake ay soe SOY 
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Squire (5): Explain the magnetic properties of transition metals 
Quiz-1 (6): What do you understand by diamagnetism and paramagnetism 


ind the ph 


The compounds which are slightly repelled by magnetic field are called diamagnetic and the ph 
called dlamagnetism. 


Some substances in which ex 


Eomples Zn**, Sc** etc 


omagnetism 
The substances which can be magnetized are called ferromagnetic and the pher 
agnetism. 


Fe, Co and Ni are ferromag} 


tle moment 


The magnetic moment (y)) is related to the number 
we Ini +2) , where n = number of unpaired elec 


itis measured in Bohr magneton. Its symbol is Js 
By measuring magnetic moment, the nature of transition met 
metal can be calculated 


Q3(i) (c) Explain catalytic Activity of transition elements 


\TALYTIC ACTIVITY 
Most of the transition are used as catalysts. The compounds of transition inc 
catalysts, 

ls due to following reasons 

The reason is that the transition metals show variety of oxidation states | 

Products with various reactants. 

They also form interstitial compounds which can absorb an activator 


Some of the important examples of catalysts are as follows 
Amixture of ZnO and CryQ3 is used for the manufacture of methy! alcc 


NI, Pt and Pd are catalysts for the hydrogenation of vegetable oll « 
nes. 

MnO, can be used as a catalyst for the decomposition of H:Or 

TICK is used as catalyst for the manufacture of plastics. 

V,0, is used to oxidize SO, to SOs n the manufacture of HySO. 

Fe ls used as 6 cotalyst for synthesis of NH, in Haber's process about 1% of Na,O or KO and about 1% 9 

‘OF Al,O, are added 9s promotors. Mo is also sometimes used as a promote: 
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Sie 0 ormo 


rm alloys with each other. | 


Transition metals fo: 


Example: 
(1) Alloy st 


properties th 


on wi 

(2) Brass, bronze and coinage alloy one 
a 

Properties: bs 


As alloys are prepare: 


However, few proper 
(1) Alloys are comparatively cheap. 

(2) They are strong and flexible but hard alloys can a 
(3) They have long life because they do not « 
(4) They are durable. 

(5) They have high melting points 


rode. 


(6) They are better conductor but non-conductor alloys are also prepared 


Exercise Q3(i) (d) Write composition, properties and uses of: Brass, Bronze and Nichrome alloys. 
Alloys of Metals Composition Properties and Uses 

Cu = 60-80% | + Itis.a strong alloy of copper which is soft and flexible 
2n = 20-40% | © It does not corrode. 
Due to low melting point, it is easy to use. 
It is used to make locks, keys. water taps, pipes, arti 
door handles and parts of machines _ 
Itis strong, brilliant and long lasting. 
It does not corrode. 
Itis used to prepare medals, coins, badges and bullets. 
Besides these, decorative articles are also made from this alloy 
Nichrome Itis used in electric heaters and filaments of furnaces. a 


Bronze Cu = 90-95% 


Sn =5-10% (TI 


(1) How magnetic moment is measured 
* Theoretically, the magnetic moment (j) is related to the number of unpaired electrons (n) by the equation 
H=n(n+2) , where n = number of unpaired electrons in a substance. 


ati 
Experimentally, the magnetic moment of compounds is generally measured by Guoy balance method Sak 
. 
(2) Glue unit of magnetic moment =a . " 
The magnetic moment is measured in the units of Bohr Magneton, Its symbol is Hs. pale 
(3) Give difference between nichrome and bronze 
Both these are alloys. 
The nichrome alloy consists of Ni = 60 %, Cr= 15% and Fe = 25% l 
The Bornze alloy consists of Cu = 90-95 % and Sn =5-10%. ? 
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Pond Name the catalyst use for 
) Decomposition of H,O, 
Manganese(IV le (MnO, 
2H,0, —"“, 2H,0+0 
1288 ay 
tuto qu) Manufacturing of CH,OH 
A mixture c 


CO+ 2H; Fig 
Te sgh " 450-500°C 
[5 On which factor binding 

The binding e: 
unpaired electro 
@ectrons increases up to the 
middle and then decreases o 


ray depends 


grea’ 


§ Why transition element shows variable oxidation st 
They show vanab xc 
formation. These elements have seve 
very close to eact 
oxidation states, 


Which property of transition elements enable them to serve as catul 
Itis due to following reasons 


| * The reason is that the transition met 
intermediate products 
They also form interstitial compound 


i) Why alloys are prepared? 
Alloys are prepared due to several desirable prope 
() Alloys are comparatively cheap. 

(W) They are strong and flexible but hard alloys can 
(Ww) They have long life because they do not corrode 
(We) They have high melting points 


OORDINATION COMPOUNDS 
ition: 
Those compounds which contain complex molecules or complex ions capable of independent existences 
coordination compounds or complex compounds. 
Such compounds are formed by the coordination of an electron pair donor to metal atom or a 


* Let two substances are mixed together, i.e., KCN and Fe(CN)z. 

* When this mixture is evaporated, a new compound is obtained. 

* This compound when dissolved in water ionizes into K” and [Fe(CN).)*. 
* On this basis the new compounds has been given the formula K.[Fe(CN)«] 
4KCN + Fe(CN); >  KylFe(CN)) 

K,[Fe(CN)s1 +  4K* + [Fe(CN),]* 


[Fe(CN)g!*is called complex ion. 
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PARTS OF COMPLEX COMPOUND AFTER DISSOCIATION IN A SC 
A complex com, : ee 


pound is mo 
(1) Positively ct 
(2) Negatively 


e.g. in KyFe(CN) 


charged ion 
jo K’ is acai anio 


Complex ion as Cation: 


In some of the complexes,the posit ex ion 


(Cu(NH,),]SO, + — [Cu(NH,),]*? + SO,? 


Complex ion as Anion; 
In some of the complexes the negatively ct 


n is the complex ion 


| K,Fe(CN), +  4K° + [Fe(CN),J* 


PONENTS COMPLEX COMPOUNDS 
Complex compound consist of three componet 
1. A positively or negatively charged ion which is not com 
2. Acentral metal atom or ion which is consisted of tran 


lex. 


ele 
3. Electron pair donor which is negatively charged, positively charged or neutral 


A metal atom or ion is usually a transit 


sment. It is surrounded by a number of ligands. 
Example: 


(2) In K,IFe(CN).], Fe** is the central metal ion. Six ligands (CN ions) are surrounding it 


(2) In Ky(Fe(CN)¢), Fe** is the central metal ion. Six ligands (CN- 
(3) In [Cu(NH),]SO,, Cut? 


(4) In [Ag(NHs)2]Cl, Ag*? 


ions) are surrounding it. 
is the central metal ion. Four ligands (NHy ions) are surrounding it. 
is the central metal ion. Two ligands (NHs) are surrounding it. 


Exerelse Q3(ti) (a) Explain different types of ligand with examples = im . 


The atom, lon (usually anions) or neutral molecule which surrounds the central metal atom or ion by 
donating the electron pair Is called ligand. 


Examples: 
(1) In KglFe(CN).] and Ky(Fe(CN)g], CN is the ligand, 
(2) In [Cu(NH)4]SO, and [Ag(NHs)2] Cl, NH is the ligand. 
TYPES OF LIGANDS: { 
Depending upon number of donatable electron pairs, ligands are of Many types: ae a 


(1) 


Those ligands which have only one donatable electron pair. Such ligands may be negatively charged, or neutral 


Examples: 
(2) Negatively charged ligands F-, Cr, Br, -, OH, CN- : 
(2) Neutral ligands HzO, NHy, CO 
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g) Bidentate ligands: 


Those ligands which have two dor 


Examples 
cos, so,? (Coo),7, NH,-NH, NH,-CH,-CH,-NH 
Carbonate ion, Sulphate ion 


° 
o 
c—o 
Ze See 
Oaas 07 Paras 
| 
fo) 
a carbonate jon e jo 
|) Tridentate ligands: 
Those ligands which have three donz 
Example: 
HN - CH, - CH, - NH - CH, - CH, - NH, 
Diethylene triammine 
#) Hexadentate ligands: 
Those ligands which have six donatable electron pairs 
Example: 
Ethylenediamenetetracetate (EDTA) 
i 
'  “O—C—CH, cH-C—o" 
a —- 
o—c—Ch, rf 


“oO 


|) COORDINATION NUMBER OR LIGANCY 


It dia beset ‘atoms of the ligands that can coordinate to the central metal ion. Numerically 
Birancessy sonar petecbind eee Me eer formsd between the centre! metal on 


the donor atoms of the ligands. 


(1) in K,{Fe(CN)|, the coordination number of Fe"? is six. 
(2) In (Cu(NHy),]SO,, the coordination pupberof Cu"? is four 
(8) In {Ag(NF))e), the coordination number of Ag” is two 
- (4) In (Ni(CO),], the coordination number of Nis four 
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INATION SPHERE] aa 3 

The central neutral atom or ion along with ligand is called coordination sphere. It is usually placed in jhg 

Square brackets. It may be Positively charged, negatively charged or neutral. 


Examples: 
(1) In K,[Fe(CN),], the ion [Fe(CN),) is the coordination sphere of this complex c 
(2) In [(Cu(NH,),]SO,, the ion [Cu(NH,),]*? is the coordination sphere of this cor 
(3) In Ky[Fe(CN),), the ion [Fe(CN).]* is the coordination sphere of this complex cc 
(4) In (Ag(NH;),ICI, the ion [Ag(NH,)]"! is the coordin 


It Is the algebraic sum of charges present on the central metal ion and total charge on the ligands 


Example: 
In Ky{Fe(CN),] the charge on the coordination sphere can be calculated as follows 
K,[Fe(CN).] - 4K* + [Fe(CN),] + 
Since charge on each ligand is = 
Charge on 6CN- 
Charge on iron 


So the charge on the coordination sphere = -6+2 = -4 


NOMENCLATURE 
Exercise Q3())(b) Describe the rules for naming the coordination compl ae yo 
Complex compounds are named according to following rules give by IUPAC i 
Cations are named first and then the anions 3 ae ins 
Examples: 
In Ky{Fe(CN),), we will call K* frst and then (Fe(CN),]* 
4m [Cu(NHs)4] SO,, we will call (Cu(NNHy)4]"? frst and then SO,? 
(2) Naming of ligands: ae q 
() The ligands which are negatively charged end in 0. e.g. 7q 
F___| Fluoto CN Cyno + 
CF | Chioro CH,COO™ [Acetate 
Br | Bromo 0,7 Oxalato 
T [edo ale ( 


(N) Neutral ligands are called as such. e.g. 


www.topstudyworld.com 


| ii 


1 
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u)Positively charged ligands end ir eg 
{Ligand | Name | Ligand | Name | 
NH,NH,* | Hydraziniurr NH, 


NO* Nit 


i, Order of ligands 


‘All ligands are ar 
not considered 


More than one same type of ligands 
The prefixes di for two, tri for three 
more than one ligands, use 


5 Termination of name of metal 
Ifthe complex ion is negatively 
eg. In K,(Fe(CN)4), the n, 


Oxidation number of metal lon 
The oxidation number of the met 
of the metal, 


More than one polydentate ligands 
The number of polydentate ligands is indicated by bis { W 


(a) In the following complexes, the complex fon has negative 


ends in ate. 
(1) K,lFe(CN)) Potassium hexacyanoferrate (II 
(2) K,[Fe(CN),) Potassium hexacyanoferrate (II 
(3) Na(Mn(CO),} Sodium Pentacarbonylmanganate 
(4) K,{PtCh) Potassium hexachloroplatinate (IV 
(5) Na,{NK(CN),) Sodium tetracyanonickelate 
(6) Na,(Fe(CN), NO) Sodium pentacyanonitrosylferrate(II!) 
(2) (NH) (PtCl) Ammonium hexachloroplatinate(IV) 
(8) K,{Cu(CN),) Potassium tetracyanocuprate(|!) 
(9) (Co(t,O),)"* Hexaaquocobalt(tl) ion 
(10) (Fe(H,0)4)"" Hexaquoiron(l) ton 
(11) Nay(CoF) Sodium hexafluorocobaltate(|t!) 


(b) Ih complexes the complex lon has positive ae 
Charge, So she name of the meta sealed ov such: SetaReajenan a 


(1) (Co(NH,) IC Hexaamminecobalt (Ill) ose 
(2) [Co(F),}Cl, 
(9) [6r(H,O) ICL, 
(4) (Co(en),ChICt 


harge. So, the name of the metal 
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(7) TAg(NH,),JC1 


red 


Diamminesilver(!) chloride 


'8) (Co(NH, ),1¢1, Hexaamminecobait{lll) chloride 
(9) (CrC1(H,0),J¢1 Tetraaquadichlorochromiumilil) chloride 
(10) (Ni(CN),] = Tetracyanonicklate(ll) ion 


() The following complexes are neutral. Therefore, they have ONE WORD name 


(1) [Ni(CO),) Tetracarbonylnickle(0) 
(2) [Co (NH,),(NO,),] Triamminetrinitrocobalt(II1) 
(3) [Fe(Co),) Pentacarbonyliron(0) 
HAPES OF COMPLEX IONS WITH COORDINATION NUMBER 2, 4 AND 6 
Exercise Q3(iii) (a) Explain shapes and origin of colors of coordination compounds. 


* The coordination number shown by metals in complexes are 2 to 9. 
+ The most common are 2, 3 and 6. : 
* Geometries corresponding to C.N’s =2, 3, 4 and 5 are shown in Fig. 14.3 


(1) Coordination Number 2 
The complexes having C.N=2 are linear, since this geometry provides minimum ligand-ligand repuls 
Cu, Ag” and in some cases Ha‘? form such complexes, 
Examples: 
CUICN),, — Cu(NHy),*, Ag(NH;),", AGICN, — AU(CN), §—-Ha(NHy),? 


(2) Coordination Number 4 


Complexes with CN=4 may be tetrahedral or square planar in geometry, 

Examples of | tetrahedral geometry: 

ZnCl, CuCNE, —Ha(CN),, INICOMM, FeCl, ZnBre,  ZniCN),= 2, NH 
CuxX,* (X = Cl, Br, CNS) 

Oxyanions such as voO,*, Cro,*, FeO,* and MnO, are also tetrahedral 


Examples of square planar geometry are found with Cut NP*, Pi, Pa? Au? ete. ions 
Ni(NHs);*, —Ni(CN),2, INi(dmg),}°, Pt(NH,),?", 
Pdcl,®, AuCl, [Cu(en),}?*, Cu(NH,)?* ete 


“ding” is the abbr 
“Dimethyl givoxime 
The formula is 


HO" Neoo' 
I 


cH, 


M = Centra 
2 Central Metat 
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poste dad (Block Blements: Transition tt 


Coordination Number 6 
Complexes with CN » 6 are the 


dd the central metal jon, M, if following 


+ Six ligands in a G-coordin. 


ways 
fv atthe comers of hexa 


\¥ at the apices of a trige 
| ¥_ atthe apices of are 
An extensive study of th 
anangement of six ligands in 


«The discussions of other 
historical interest only 


1 
4 2 
5 3 
Dy 
Mezaronal planar Teigonal prismatic 


+ When white light is allowed to fall on a complex. The 
(i) The complex may absorb the whole of white 
(i) The complex may reflect or transmit the whole 
(i) The complex may absorb some of it and ma 

complex has some color. ie. it is colored. 

* The absorption of light by the colored complexes takes place in the 
extends from 4000A to 70004 in wavelengths 

* The color of the absorbed light is different from that of the nansmittes 
of the absorbed and reflected light is shown in fig below 

* The color of the transmitted light is called the complementary cole 


the actual color of the complex. 


Thus: 
() Hydrated cupric sulphate containing (Cu(H,0),]*"SO,° ions is blue t 


(i) Cupric ammonium sulphate containing [Cu(NH,)]** ions is violet because 
(i) (Ti(H,O),]°* is purple because it absorbs green light 


‘The complex ions which absorb light in the infrared or ultraviolet regions of the spectru: 


() anhydrous cupric sulphate is colorless since it absorbs light in the infrared region, 
(H) [Cu(CN),]** ion is colorless since absorbs light in the ultraviolet region 
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absorbed 


Colour }- 


wave 
length 
of the 
ab. 
sorbed 
ight 


Colout 


our of the 
complex 


Application of 
With the hel 


Example: 


~ [re 


ebsorption spectrum to determine the colour of the complex 
Ip of visible absorption spectrum of a complex ion it is possible 
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i Energy ow 


ort) 


: iolet | Blue [se 


4000 2 4350 4800 4900 


$000 3600 $800 5900 «6050. 7000 


Low ——___ Increasing wavelength ———_______, High 


Orange 


Réd [ron Violet | Blue | Green i= 


(TH(H,O),}** ion shows absorption maxima 


P= 20000 cm 


Itcan be calculated as 


Wavelength = 


to predict the color of the complex 


at a wavelength of about 5000A which is equal to the wave n 


= 50004 =5000 x 10% cm (Since 1A =10"° m = 10 cm) 
2 1 
5000x 10% 
_= 0.2 x 10°cm* = 20000 em! 
Light of this wavelength (5000A) is green and is absorbed by the complex ion. 
Thus the transmitted light is purple, which is in fact, the color of the ions, 
Wave length > (in EY) 
eaeare eM 
0006 Bo 
i 
5 Absorption maxima 
5 
2 (2=50004", D = 20000Cnr!) 


——Main ai 


Frequency in wave 


0000 T 


number, 0 (in cnr!) decreasing ___. 
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hy 


| 


sp, the comy 


eg. (THO) 


f What Is wavelength of green color 
Itis in the range of 500K 


1) When complex compound appeor black 
The complex may absorb t 


er tore 
4) What will be geometry of complex compound having « 
See Page 78 
5) Give examples of hexadentate and tridentate ligand 
Those ligands which have three donata 


Example: Diethylene triammine 
HyN - CH, ~ CH, - NH - CH, - CH; 


Those ligands which have six donatable electron pairs 
Example: Ethylenediamenetetracetate (EDTA) 


RADU 


‘nadium is important because of 
() The conversion between various Vanadium Oxidation states and 
(i) The use of Vanadium (V) oxide as a catalyst in the contact process. 


Vanadium has oxidation states in its compounds of +5, +4, +3 and +2. These can be inler-convened. Tr can 
“©blained in terms of standard redox potentials (standard electrode potentials) 
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arty 


'UCING VANADIUM 


The usual Source of vanadium in the +5 oxidation state is ammonium metavanadale, Ni 14VO, 

is a f 4j ydroxide salution 
* tis not Very soluble in water Therefore, it is usually first dissolved in sodium hydroxid 

solution can be 1 


reduced Using zinc and an acid (HC! or H,SO,) 
sually moderately concentrated acid. 
The exact vanadium 


i varies with th 

‘on present in the solution is very complicated, and varies with tt 
The reaction is done under acidic conditions when the main ion present is VO, 
(V) ion. 


The acids used are u: 


ne pH of the 
It is alled the dic 


* The reduction from +5 to +4 is shown in the figure 


Note: The i 


ion is usually written as VO,”, but is more accurately (VO; (H,O),]* 


ao A if 


Ovdaton state = +5 


Ney 


Ths isntanew oxdaton Oxdaton state = +4 


ste Thegrenisa 
Vo2* ‘mixtue of the onginal B02 
yellow and the biue that is Blue Sin 
being produced. 

It is important to notice that the green colour produced is not actually another oxidation state. It is just a mixture The 
of the original yellow of the +5 state and the blue of the +4. 
dust like the VO,* ion, the VO?" n will have water molecules attached to it as well: {VO(H,0)5}?* Ot 
We usually use the simpler form, : 

. 


Ovxdaton state = +2 
VCH20) 62+ 


© The vanadium (Ill) ion is shown in inverted commas. It is because this formula is a simplification only. The 
exact nature of the complex ion will depend on the type of acid used in the teduction process, 


aan operauy worl corn 


ofits contact with oxygen 


if it is allowed to stand for a long ti 
vanadium (IV) state. i.e., VO® 


+ Nitric acid is a powerful oxidizi 
blue VO" ions. Thus vanadium (Il) 


ium, 
The vanadium(Il) oxidation state is easily 


— HYDROGEN IONS 
+ The original reduction was carried « 
wool to keep the air out because ai 


dlution cai 


+ The hydrogen ions present in the 


+ The vanadium (II) solution is only stable as 
The zinc is necessary to keep the vanadium red 


ad (II) to Vanadium (11) 
LetH’ ions are present and zinc is not there. Thi 


Vigte = Vv, E°=-0.26V 
2H'.9+2e = Hy E°=0V 


ace, - 
+ The reaction with the more negative E° value goes to the left (o 
+ The reaction with the more positive value (or less negative ve 


Therefore, 
+ The vanadium (I!) ions will be oxidized to vanadium (III) ions (i.e. the re 
* The hydrogen ions will be reduced to hydrogen {i.e., the reaction goes tc 


The E* values are 
VO" y+ 2H% uy te = yy + H,Oy E° = +0.34V 
2Hi te a E°=0V 


* In order for the vanadium equilibrium to move to the left, it should have the more negative £ 
* However, it has not got the more negative E* value than hydrogen. Hence, the reactio: 


ll not occu 


OXIDATION BY NITRIC ACID 


Consider the reduction potentials " 
Veagte == Vy E°=-0.26v 
NOs", + 4H%,9 + 3e === NO + 2H,0, E° = +0.96v 


* The vanadium reaction has the more negative E* value and so will move to the left, 
* The nitric acid reaction moves to the right. 
* Hence, nitric acid will oxidize vanadium (II) to vanadium (IIl). 
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Oxidation of Vanadium (111) to Vanadium (IV) 


‘onsider the reduction potentials 
VO + 2H ug +e Vie EHLOy) B= +0:34.V 
NOs 9 + 4H, +3e = === NO,+2H,O,  E°= +0.96v 


right. 


The nitric acid again has the more po: E* value and so m 
The more negative (less positive) vanadium reaction moves to th 
Hence, nitric acid will oxidize vanadium (III) to vanadium (IV) 


Qxidation of Vanadium (IV) to Vanadium (V) 


Consider the reduction potentials 
VO" 4 + 2H) + & == VO" 
NOs.) + 4H" 49) + 3° —= NO, 


+H,O, E° = +0.34V 
+2H,0,, E° = +0.96v 


If the vanadium reaction to move to the left towards dioxovanadium (V) ion, it should have the more 
negative (less positive) E° value. | 
© However, it has not got a less positive value (or more negative value, Thus, the reaction will not occur 


Other oxidizing agents can be analyzed in a similar way 


Conclusions: 


* If E* values show that a reaction is possible, then it should nof be assumed that it will necessarily occut 
* _ Practically, the reaction can be too slow due to high activation energy. Therefore, it may not act 


tually happen. 


Exercise Q3(v) (a) Discuss vanadium (V) oxide as a catalyst with example. 
Quick Quis-4 (4): How V,O; use as catalyst for oxidation of SO, (g) > SO, (g) 


pure the Contact Process for manufacturing sulphuric acid, sulphur dioxide has to be converted into Sulphur 
trioxide, 


This is done by passing Sulphur dioxide and oxygen over a solid vanadium (V) oxide catalyst. 
SO, + 7m —24 so, 


How the reaction works 


* The transition metals and their compounds have ability to act as catalysts be ir ability to cha 
Sar Berge eater lysts because of their ability to change 


* The Sulphur dioxide is oxidized to Sulphur trioxide by the vanadium (V) oxide, 
+ In the process, the vanadium (V) oxide is reduced to vanadium (IV) oxide, 
SO,+V,0; +  $0,+V,0, 
© The vanadium (IV) oxide is then te-oxidized by the oxygen. 
V,0, + $0, > V.0, 


. ee eh the catalyst has been temporarily changed during the reaction, at the end itis chemically the same | 


fa 
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source of tanadium in +5 oxidation state 


5 oxidation 


1 metavanadate, NH,VO,, 


“Gen solution of NH,VO, ts prepared 
: solved in sodium hydroxide solution 


spheric oxygen. It can be prevented | 
ing agent so it keeps the vanadi 


(iow V;0, use as catalyst for oxidation of SO; (g) > SO, (g) 
See Page 84 


portant discussion is; 
( The interconversion of the various oxidation states of chromium 
(ii) The chromate (VI)-dichromate (VI) equilibrium; 
(iil) The use of dichromate (VI) ions as an oxidizing agent (including titrations| 


ercise Q3(v) (b) How does chromium (Ill) changes to chromium (VI)? _ 


HE OXIDATION OF CHROMIUM(III) TO CHROMIUM(VI)| 


* An excess of sodium hydroxide solution is added to a solution of the hexaaquachromiumilll) ions to 
produce a solution of green hexahydroxochromate(IIl) ions. 


NaOH solution excess NaOH 
solution 
—s —> 


[CrH20}6 15 [CrtH20)3(0H)3] [CHOH)6 J 
(Green) 
* This is then oxidized by warming it with hydrogen peroxide solution. Finally a bright yellow solution 
containing chromate(VI) ions is obtained. 


=I 


[er(OH)6 1* 
ne (Green) aa 
Nee 

‘uation for the oxidation stage is: 4 
2[Cr(OH),]* + 3H,O2 +  2CrO,> + 20H + 8H,O 


www.topstudyworld.com 


cs 86] Cotlege Chemistry: Federat 
OME CHROMIUM(VI) CHEMISTRY 
THE CHROMATE( 
Th 


C104? 


Yellow 


The most Important Precaution 


© Let the yellow chromate(VI) ions are just produce 
They cannot be converted into dichromate(V 

* In the presence of acid, dichromate(VI) ions react with 
the original reaction) 

To prevent this, the solution is heated for some time to deco: 
oxygen before adding the acid. 


gen peroxide into water and 


Explanation of the Chromate-Dichromate equilibrium 
© The equilibrium reaction of the interconversion is: 


2CrO> + 2H* ES a i) Es 
+ Ifextra hydrogen ions are added to this, then according to Le-Chatlier’s principle, the equilib — 
the right. 
ky Adding hydrogen tons forces the fs 
Position of equilibrium to the right 


nS a 


2cr0,* + 2H" = c,07 + H,0 


* If hydroxide ions are added, these react with the hyd: 


frogen ions. Thus, according to Le-Chatlier's principle 
the equilibrium shifts to the left to replace them. i] jatlier's prin 


Adding hydroxide ions removes 
J these hydrogen tons 


2CrO,*> + 2H* = C07 + HO 


www.:topstudyworld:com 


Oxcaton su = +6 


C120)? cnn 


¢ The chromiumilll) ior 


For the reduction from +6 1 
Cr,0," + 14H" + 3Zn aad 2Cr’* + 7H,0 + 3Zn 


For the reduction from +3 to +2 
2Cr*+Zn > 2Cr** + 2n? 


ise Q3(0) (c) Discuss potassium dichromate (VI) and Potassium monganate (Vil) as an oxidizing agent in 
organic chemistry. (For Potassiurn m 


agent in organic chemistry. 
* Itisa reasonably strong oxidizing agent so that it can take the whole of the 
Potassium manganate(VIl) solution also has this tendency. 


* Itls used to: 
oxidize secondary alcohols to ketones, 
¥ oxidize primary alcohols to aldehydes, 
’ oxidize primary alcohols to carboxylic acids. 


F  Shancl (6 wimnary sical} i cietiad to eflenel (art pkdeiyse)ior ethahole acid (a carboxylic acid) dey 

°n the conditions as given below, 

ty Case-I: If the alcohol is in excess, the aldehyde is distilled off as soon as it is formed. Thus, ethanal is +) 
main product. 

C1,0,* + BH" + SCH,CH.OH + — 2Cr* +7H,0 + 3CH,CHO 
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+ 3CH,CH.OH > 4Cr> + 11H,O + 3CH,COOH 


eg 2 reactions 


CH,CH,OH + + CH,CHO + H,0 
CH,CH,OH +2 (0) CH,COOH + H.0 


In practice 
There are advantages and dism 


Advantages 
* Potassium dichre 
known concentr 
manganate(Vil) 


Potassium dichromate VI) can b 


be used in 


atide ions. It is possible if chloride 
Present in very high concey 


ions are nol 
Potassium manganate( 
strong to do this. It me. 


Disadvantages 
* The main disadvantage lies in the col 
+ Potassium many 


colour, When it . 
drop is added in excess, the 


VII) oxidizes chloride ions to chlorine. How 


fans there are no unwanted side reactions w 


potassium dichromate(VI) is not $9 
fhe potassium dichromate(Vi) solution 


lour change. 
ganate(VIl) titrations are self-indic solution is purple i 
. However, when 


indicator. Theretor 
redox Indicator. These cl 


‘There ore several such indicators: such as dij 
Presence of excess potassium dichromate(VI) 
of strong green colour 
Hence, the end point of a potassium dichromate(VI) titration is not as easy to see as the end point of 
Potassium manganate(VIl) titrations. 
The Calculation 
‘The half-equation for the dichromate(VI) jon is: 
CHO," + 14H" + 66° > 2Cr* + 7H,0 


and for the iron(II) ions is: 
Fee + Fe te 


sited ond Block Elements: Transition Elements 


12 


combining these two ha: 


Cr,0;* + 14H" + 6Fe* = -2Cr** 47,0 + 6 Fe? 


+ The bnght yellow col 


Testing by adding an acid 
+ If some dilute sulphuri 
orange colour of dichrc 


(Yellow) 


Are Noll This test cannot be sure for chromate(VI) ions. This colour ch base indicator in a 

‘olution. 
Not so. 
lution, # Testing by adding barium chloride (or nitrate) solution 

Shromate(Vi) ions will give a yellow precipitate of barium d 

Baty) + CrO,*.9) > BaCrO,,, 
i Datum chionde soluton 
“+> 
yelow propate 


‘sting by adding lead(II) nitrate solution 
Chromate(V1) ions will give a bright yellow Precipitate of leadi(Il) chromate(V1). 
POCrO, is the original "chrome yellow” paint pigment. 

Po*.y + CrOt PbCr0,,, 
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QUICK QUIZ-5: 


(1) How dichromate io 
The equilibriun 


on Elements 


a 


n is converted into chromate and vice versa 


* ions react with 
as a test for Ba s 
Ba®,,, + CrO,? 


~ BaCrO,,, 


(3) Why potassium dichromate is preferred over potassium manganate in titration 
* Potassium dichromate (VI) can be used as a prim andard ns that its stable 
known concentration can be dire 
* Potassium dichromate (VI) ca 
Present in very high concentr 


urately 


be 


oride ions are nog 


(4) In which tHtration end point ts clear potassium dichromate or potassium magnate 
* Potassium dichromate(V1) solution is orange in colour. Whi n into the 
tums green. So, when there is one drop of orange solution is in excess 
the colour change cannot be detected. Hence, with these titrations s 

redox indicator. 


iven solution, the 


olution 
ly coloured green solutiony 


indicators are used, known as @ 


* Potassium manganate(VIl) solution is purple in colour. When it is run into 
becomes colourless. However, when just one drop is added 
can be detected easily. This is the end point. 


the given solution, the solution 
in excess, the solution becomes pink. Thus, if 


(8) What color changes occur when Jollowing are added separately in potassium chromate 
() Acid 


The equilibrium reaction of the interconversion of CrO,2 and Cr,0,2- ions is: 
2Cr0,* + 2H* == Cr,0,> + H,O 


Thus, If dilute sulphuric acid is added to the yellow solution of CrO,?- 
solution of Cr,0;* ions. It is because, the acid provide H* ions, which shi 


solution 


ions, it is converted into orange 
ift the equilibrium to the right 
(11!) Lead nitrate solution 


Chromate(V1) ions will give a bright yellow precipitate of lead{ll) chromate(V/I), 
PHM ay + CLOW ag > PLC, 


MANGANESE 
This section describes 
+ The Oxidation States 
‘+ Two simple reactions of manganese (II) ions in solution. 


«The use of potassium manganate(VIl) (potassium permanganate) as an oxidizing agent 
titrations. 


= including its use in 
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G i, OXIDATION STATES} 


7, Manganese can exist in a number of oxidation states. Its. most stable oxidations states are +2, +4 or +7. 


, Inthe +7 oxidation state it exists as the intense purple ion MnO, 


2° equation 
and then add to the 
other equation to get the 


It can be reduced to the pale pink Mn** by Fe** in acidic solution 
MnO, (aq) + 8H*(aq) + 5e > Mn**(aq) + 4H,0(1) | 
Fe**(aq) > —Fe**(aq) + e L 


I reactic 
reaction. 


{yen reaction: 
MnO,(aq) + 8H*(aq) + 5Fe**(aq) > = Mn**(aq) + 4H,O(1) + 5Fe"*(aq) 


|ONS OF MANGANESE (II) IONS IN SOLUTION/ OXIDATION. 


The reaction of hexaaquamanganese(II) ions with hydroxide ions 


+ Hydroxide ions (e.g. from sodium hydroxide solution) remove hydrogen ions from the water | 
attached to the manganese ion. 


+ Once a hydrogen ion has been removed from two of the water molecules, a complex is formed with no 
charge (a neutral complex). This is insoluble in water and a precipitate is formed 


(Mn(H,0),]** + 20H" > [Mn(H,0),(OH),] + 2H,O 
« Inthe test-tube, the colour changes are: 


vera 


2+ 
(Mn(H20)6 } [MatH20)4(0H)2] Za have ek 


(Light pink) (Pate brown) brown around the top. 


+ The original solution is as very light pink as colourless. 


+ When this reaction occurs, the pale brown precipitate of Mn(H,O),(OH),] are formed, These are ox ized 
darker brown manganese(lll) oxide on contact with oxygen from the air. 


The reaction of hexaaquamanganese(II) ions with ammonia solution 
* Ammonia can act as both a base and a ligand. 


* In this case, it simply acts as a base at usual concentrations, Thus, it removes hydrogen ions from the 
complex, 


(Mn(H,0),}?* + 2NH; -» {Mn(H,0),(OH),] + 2NH,* 


Je T= 


[Mn(H20)6 12° (Ma(H20)4(OH)2 } 


aqua 
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The original Solution is as p: 
* The pale brown 


a Precipitate is oxidized to darker brown manganese(lll) oxide on contact with oxygen [rom 
le air, 
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alest pink as colourless. 


Theres no observable difference in appearance between this reaction and the last one 


E POTASSIUM MANG : 
Exercise Q3(v) (c) Discuss potassium aanganate (VII) as an oxidizing agent in 
organic chemistry. (For Potassium dichromate (VI) see page 87) 


_ = 
Potassium manganate(VII) {potassium permanganate) is a powerful oxidizing agent L 


(1)_Using potassium manganate(VII) as an oxidizing agent in organic chemistry | 
* Potassium manganate (Vil) is usually used as oxidizing agent in neutral or alkaline solution in organic | 


chemistry. \ 

* Acidified potassium manganate(VIl) is somewhat destructive strong oxidizing agent, breaking carbon-carbon @ 
bonds. 

* The potassium manganate(VIl) solution is usually made mildly alkaline with sodium carbonate solution. The 


typical colour changes are: 


|. (CF 


Orginal Reduced to Furher reduced to 
dak purple dark green black , 
manganate(Vii) ion manganate(V1) ion preopitate of 
Mn04- MnQ42- Mno2 CHE 


(w) In testing for a C=C double bond: Baeyer’s Test fet 


Potassium manganate(VIl) oxidizes carbon-carbon double bonds and goes through the colour chang 
above. 


e.g. Ethene is oxidized to ethane-1,2-diol {ethylene glycol). 


CH, CH;-OH Me 
|| +40 +f — + | 

CH, CH;-OH 

Ethene Ethane-1,2-diol 


* This abbreviated form of the equation is most commonly used in organic chemistry. The complete ionic 
equation for this reaction is generally not written, 

* The oxygen in square brackets is taken to mean “oxygen from an oxidizing agent" 

* Itis not a good test for a carbon-carbon double bond. It is because even any mild reducing species have the 
same effect on the potassium manganate(VIl) solution. 

. However, this reaction can be simply used to prepare the diol. 
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( (CHO) (OH), | CriOH 
he ei 
dite 
add 
Bsision Oxidation Oxidation | Y 
fants wale= 43 sae 42 | co ao 
g “CH(H,0), Cr{H,0} 
(Mn): PAGE 90 
{Mo(H,O),!" +20H ———® [Mn(H,O),(OH),) + 2H, 
5 
j ‘NeOH solution solution on pnstencding: 
Mn(H.0),} [Mn(H,0),(OH,1 
" le oe 
od Original Reduced to pee reece 
y ark purple dark green. ‘i 
“nate (Vil) ion manganate (VI) ion precited 
Mn0q- ‘MnOq2- MnO2 


Mn(H.0),° +2N 


Us 


{Mn(H.0), | 


Ammonia 


=i 


| [Mn(#,0),(0H1 


PAGE 95. 


7 


CHEMISTRY OF IRON (Fe 
[Fe(H,0), HH ——> [Fe| 


NaOH solution on standing 


{Fe(H.0),) [Fe(H,0),(0H),) 
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MG 


he, 


Test for Hal 


logens 
CI. Pale yellow = Br . Yellow = 1) 
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oxidation of aromatic side chains 
= Alkaline potassium 1 
to-COOH group. F 


samples CH. 


* Potassium manganate(Vil) solut 
+ Itis always used in acidic solution 
Examples: It oxidizes 
*  fron(Il) ions to iron(ill) ions 
Fe -> Fe +e 
+ hydrogen peroxide solution to oxygen 
H,O, + O, + 2H’ + 2e 
+ Ethanedioic acid to carbon dioxide (This reaction has t be done 


COOH 


I + 2CO, + 2H + 2e 
OOH 
* Sulphite ions (sulphate(IV) ions) to sulphate ions (sulphate(V1) jons 
SO."*+H,O + SO,*- + 2H" + 2e 
* In each case, the half-equation for the manganate(VIl) fons in acidic sotubos < 
MnO, + 8H*+5e + Mn + 4H,0 
* These equations can be combined to give you an overall lonic equation for each poe. 
* From the overall reaction the reacting proportions {mole ratio) is also obtained 
¢.g., Add the Fe** ions oxidation reaction to the MnO,” ions mulltipiying by suitable sun a 
SFe* + SFe + Se 


MnQ,- + SH" + Se _—> _Mn** + 4H,Q 
MnO, + 8H" + SFe™ -» = Mn"’ + 4H,O + SFe”* 
‘Thus, the reacting proportion ts: 
' mole of permanganate(Vil) ions : 5 moles of iron) ions. This mole ratio can be used for stration calculnsons. 
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Potassium 
because it 


side reactions 
hydrochl 
* Potassium mangenate(VIl 
concentration cannot be di 
© Actually, it is 
Moreover, it a 


rect 


© Bottles of potassium man 
Manganese(IV) oxide. It is p 
¢ So, first a solution of appro: 


imate concentration is prepared and 
This standardization is often done by titration v 
Primary standard 


th ethanedioic acid (oxal 


“()) Glos half equation for manganate (VII) ion in acid solution, 
The half-equation for the manganate(Vil) ions in acidic solution i 
MnOv+8H"+5e + Mnt* + 41,0 


(2) Write equation Jor oxidation of oxalic acid morale 
Ethanedioic acd (oxalic acd) is oxidized by KMnO, to carbon dioxide, This reaction has to be done 


hot. 
The half-equation for oxalic acid is 


COOH 
od 2CO, + 2H* + 2e 


—1) bon 

CooH 

The half-equation for MnO,-is . 
MnO¢+8H"+5e 5 Mat + 4H,0 (2) 


Multiplying equation (1) by 5, equation (2) by 2 and then adding them gives the overall Teaction. 


| co, 
+ 2Mn0,; + 6H" > 2Mn** + 8H,0 + 1 
COOH 
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anit 


oe __ 
[flow can you convert toluene into benzoic acid 
f CH, COOH 
| 
| KMnO, + OH 
| Ste Sj fe) peat + H,O 
| Heat, H,O* 
Toluene Benzoic acid 


Write equation of reaction of hexaaquamanganate(II) with OH fon. What color change is observed 
The equation is 
[Mn(H,0),]** + 20H = - — [Mn(H,0),(OH),] + 2H,O 
+ The original solution is as very light pink as colourless. 


+ When this reaction occurs, the pale brown precipitate of Mn(H,0)4(OH)s] are formed. These are oxidized to 
darker brown manganese(|II) oxide on contact with oxygen from the air. 


The important points are: 

(i) Oxidation state 

(ii) Iron as catalyst in Haber’s Process and in reaction between ‘per sulphate and iodide ions. 

(iti) Reaction of Hex aqua Iron (II) and (III) with water, ammonia, Carbonate and Thiocyanate ions 


Iron exists in two common oxidation states, +2 (Fe**) and +3 (Fe**) 
+  Inaqueous solution, the Fe is readily oxidized from Fe** to Fe** 
Fe**(aq) + Fe**(aq) + & 
«The Fe** ion is thus a reducing agent. 
* Thus, concentrations of Fe** in solution can be determined by titration with oxidizing agents. 


The Haber process combines nitrogen and hydrogen into ammonia. 
The nitrogen comes from the air and the hydrogen is obtained mainly from natural gas (methane) 
* Iron is used as a catalyst. 


Sn 


Naw + 3Ha —_— 


The reaction between persulphate ions (peroxodisulphate ions), S,0,”, and iodide ions in solution can be 
catalyzed using either iron(II) or iron(II) ions. 
* The overall equation for the reaction is: 

S,0,> + 2F ae 2807 +1, 
* Let the catalyst is iron(II) ions. 
* The reaction occurs in two stages. 

S,0,> + 2Fe* -»  2SO,” + 2Fe** 

2Fe* +2F > 2Fe* +1, | 

+ Ifiron(IIl) ions are used then the second of these reactions occurs first. 
‘* This is another example of the transition metal compounds to act as catalysts because of their ability to 
change oxidation state. r 
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IRE EACTIONS 0} OF IR “IRON TONS IN SOLUTIO! 
The simplest i 


the hexaaquairc 


(Fe(H,O),]* 
ion (Fe(H,0),]° 


* the hexaaquaircn(ti 


W Reactions of 


the tron ions with hydroxide jons 


* Hydroxide ions e.g. fron dium hydroxide 
attached to n 
* Once enough b n bee 


charge (a neutral 


College Chemistry: Feder! Board, Py 


wa ecules, a ex is for with no 
In the tron(Il) case 
(Fe(H,0),)** + 20H 4 (Fe(H,O),(OH),] + 2H,O 
In the tron(II1) case 
{Fe(H,0),)""+30H -, (Fe(H,O),(OH),) + 3H,O 
* Inthe test-tube, the colour changes are. 
In the tron(Il) case: 
Ve NaOH soluton a on staring : 
[0020 [2 UFeCH20}(0H)2 ale iiecun 
(Green solution) (Green precipitates) ppt oange acund he 


© Iron is very easily oxidized under alkaline conditions, 
© Oxygen in the air oxi 
of the tube. 


. The darkening of the precipitate comes from the same effect. 


In the tron(IIl) case: 


izes the iron(ll) hydroxide precipitate to iron(II) 


(lll) hydroxide especially around the top 


v==4 


(Yellow solution) 


(Orange precipitates) 


"art 
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, Ammonia can aci 
. Inthese cases, it sim 


Jnthe tron({II) case: 


{Fe(H,0),]*~ + 2NH, > (Fe(H,O),(OH),) * 2NH, 
is 
° 
| 
| (FetH2ore | | ns 
| (Gremn:sokiion) | : 
| ores 
| as 2 basa 
| + The appearance is just the s n when you acdc \ 
|. The precipitate again changes colour as the iron 
hydroxide. 
In the tron(III) case: 
[Fe(H,0),]** + 3NHy (Fe(Hy 0)(0H), ) + 3NH 
(Fat20)6 1° (Fec20)s 
(Yellow solution) (Orange precipi. 


wrmona, 
wsabese 


The reaction looks just the same as when you add sodium hydroxide solution 
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Coltege Chembatry: Federal Had 


hee mitt) ion is su e akly basic carbonate ton 
The hexaaquairon(Itl) ion is sufficiently acidic to react with the weakly 


oni{ll) ions, the same precipit 
sodium carbonate solution is added to a solution of hexaaquairon( It 
obtained as with sodium hydroxide solution or ammonia solution 


This time, it is the carbonate ions which remove hydrogen 


ions from the hexaaqua jon and p 
neutral complex, 


ore are two possibilitic 
Depending on the proportions of carbonate ions to hexaaqua ions, there are Iwo Poss! 
Products, 


Y either hydrogencarbonate ions are formed 


on ions and carbonate ions. 
¥ or carbon dioxide gas is formed from the reaction between the hydrogen ions and car 


The more usually quoted equation shows the formation of carbon dioxide 


2[Fe(H,0),]** + 3CO,> 2[Fe(H,0);(OH)3} + 3CO, + 3H,0 


(orange) 


_bubbies of CO2 


[Fe(e20)¢ }3* 


( Fe(H20)3(0H)3) 
(Yellow solution) 


(Orange precipitates) 


(iv) Testing for tron(II) tons with thiocyanate lons 


* This provides an extremely sensitive 


s in solution. 


If thiocyanate ions, SCN’ ions (e.g. 


g Potassium ¢ thiocyanate solution) 
added to a solution containing iron(lll intense c ation containing the 
[Fe(SCN)(H,O),]?* is formed, 


j= 


wouton conlaning = Fe(SCN)(H20)s 
(Fagt20)¢ 3 oa 


(Weltow 


Fe" 
MnO, + 8H! + Se 


‘These combine to give the ionic equation for the peo. 


MnO, + BH’ + Se Mn** + 4H,0 + SFe® 
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ammania In rec of ttm 
Fe(H,0),J?" + 20 ae 
(Fe(H,0),) 2NH > Fe(H,0),(OH)) = 
(pthe ironlill) cx 
[Fe(H,O),]* + 3NH, + Fe(H,0),/OH + 


2) In which form tron lon are present 


Iron exists in 


° the he: 


(8) Write reaction equation between persulphate lon and iodide ton 
+ The overall 
S,0,* + 21 
+ This reaction can lyzed by iron ions, The reac 
S,0,> + 2Fe** +  2S0,> + 2Fe* 
2Fe" +2r + 2Fe +1 


Ifiron(IIl) ions are used then ti 


(4) How thiocyanate ion is used for testing of Fe? 


If thiocyanate ions, SCN” ions are added to a soll 
containinig the ion [Fe(SCN)(H,0)s]** is fo: 
[Fe(H,0),J** + SCN- +  [Fe(SCN)(H,0);]** + H,0 


SCN’ ions are added as sodium or potassium or amm: 


EEE 


+ eee 


‘The important discussion includes 
() The Oxidation States 


(tl) The reaction of hexaaquacopper (I) ions with hydroxide fons, Ammonia and Carbonete ion 


lation states, +1 (Cu'*) and +2 (Cu). 
ily oxidized from Cu’* to Cu**: 


* Copper exists in two common oxid 
* In aqueous solution, the Cu is readi 


Cu'*(aq) + Cu*(aq) +e 


* The Cu? ion is thus a reducing agent. Fai. 
* Thus, concentrations of Cu’* in solution can be determined by titration with oxidizing) 


CHW 14: 4 and {Bre 


— [Cu(H,0),(OH),] + 2H,0 
(blue) 


[Cu 20}5 }** (CufH20)4(OH)2} 
(Blue solution) (Blue precipitates) 


Here, the ammonia acts both ligand 
With a small amo the 
and precipitates are formed. 


The precipitate dissolves by adding an excess of ammonia 
The ammonia replaces water to give tetraamminediaquacopper(ll) ions. 
Notice that only 4 of the 6 water molecules are replaced. 


[Cu(H,0),]** + 4NH, — [Cu(NH,),(H,O),]** + 4H,O 


The colour changes are: 


(.Cut20)¢ |?" | [CutH20}4(OH)2} 


(Bl , ) i precipitates) (Deep blue solution) 


ereroria acing ligand exchange 


[Cu(NH3)4(H20)2 |2* 
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‘he precipitates of copper(I!) carb 
Cu?* y+ COs* 4) > CuCO,, 


: (blue) 
| c 
| 
[ Cu(H20)¢ }?* “CuCO3" 
(Blue solution) (Blue precipitates) 


VICK QUIZ-8: 


WAmmonia acts as base as well as ligand. Prove above statement by reaction with copper lon. 


+ Copper ions exist as hexaaqua complex in water. 


+ With a small amount of ammonia, hydrogen ions are pulled off the 
complex. This is insoluble and precipitates are formed. Here amm 


[Cu(H,0),]** + 2NH,; -> [Cu(H,O),(OH),] + 2NH,.” 
4» The precipitate dissolves by adding an excess of ammonia. The ammonii 
tetraamminediaquacopper(II) ions. Here, ammonia is acting as a ligand 
[Cu(H,0),]** + 4NH, -> [Cu(NH,),(H,O),]** + 4H,O 


Only 4 of the 6 water molecules are replaced. 


n to give the same neutre 


g as a base. 


es water as a ligand to give 


When copper lon reacts with carbonate. What you expect. Which types of precipitate are formed? 
The precipitates of copper(I!) carbonate are obtained when copper (II) ions react with a carbonate 


Cu. + COs* aq) > CuCOs., 
(blue) 


This reaction is used as a test for copper (II) ions. 


Cut! fon Is reducing/oxidizing agent and why? 
* Copper exists in two common oxidation states, +1 (Cu?*) and +2 (Cu’*). 


* In aqueous solution, the Cu is readily oxidized from Cu'* to Cu* 
Cul*(aq) > Cu®*(aq) + 
* The Cu!* ion is thus a reducing agent. 
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Lead Suboxide i 


Lead Dioxide 


Triplumbic tetra oxide 
(Red Lead) 


Basic Lead Carbonate 


(ii) It is used 
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ht answer 
tvally 


mage metals ave 


Halogesy 
velea transition elements but it does mot oh i al ' 
fr doe 
[uhas &« { 
grich of th MONG Ts NON-ypteal transition elon 
‘rich elements form alloy 
Alkali metal 
¢ repelled by magnetic filed 


he fit of Magnetic moment is 
$3) Coulofiibs (() 
Hjronze alloy contains 

6).Cu and Sn 

jive the systematic name for Fe(CO 
a) Pentacarbony n(l 

) Pentacarbony! iron (II 
lite the chemical formuta of a complex compound s 
a} (Na,FeCl(CN ( 
The complexes having coordination number (CN) 


4) Tetrahedral 


rdium monochloropnetacyano| 


4 have qeometr 


\fweadd HNO, to the origine si ccewtioss (I) solution, it produce 
‘bide ions b) are 
Which metal oxide Is used In contact process as a catalyst 
| a) Cr b) Mr 
Mn oxidation of chromium (III) to chromium (VI) the green color will change int 
{a) colorless ((6) Bright yellow 
Meldified potassium pamuroncts act as a strong 
2am agent (b) reducing 
piofowing element shows maximum pain of oxidation states? 


jelMn_ (b) Fe f 

The color of Mn?* in hydrated form is: 

(a) Blue (b) Yellow (c) Light Pink 

Lene of the following metals show more than one pandation.state? 
(a) Al (b) Mg Calo) Fe 


tron Is used as a catalyst in: 


“J Brikland Process (b) Contact Process (~ _(c) Haber Process 
During the reaction of Ammonia with tron, it acts-os both a base-and a: 


(a) Ligand (b) Acid (c) Iron 
ANSWERS TO MULTPLE CHOICE QUESTIONS 
ii) Ans: (c) It has completely filled d-subshell 


: Cu, Ag and Au. These are|The electronic configuration of yZn is (A\ 
Rica tben meer Thus, it has completely filled d-subshell. So, 
+ 
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ae é 
—_ » 9 
eae ea (i ¥ 
: é 
== ‘Ans: (a) Electron 
ne A a 
fra Ams: (c) Bor ‘Ans: (2)Cu and Sa Eo 
- ~ mae =16 ans. Ca= 1% me 
= fee a 
fx) Ans: = ion (0) (x) Ans: (c) Na sfFeCCN) . B 
x = 2 
‘Ans: (a) blue tons 
- =NC 2 Ny 
[fxiv) Ans: (b) bris 
; 2S 35 CAO 
see ; 


02: Give brief answers for the following questions. 


LF Why are d -block olemants called tra 


Mi) Why do the d -block 
The : 


Bnd fis orbitals are ery 


block elements show different oil ot 
Wi) Why does Min show the maximum number of oxidation states in 4d erie 

it ip because, Mn has(iwo electrons 1) 0 

Gener: yater the number of unpaired| electron th 


(usezT07 > a 


| yodend Block Elements Transition Elements 


Los} College Cheontery: Fed 


iMlege Cheentetry. Federal Bord. Part-ll 
ns in bond formation Hence 14 | 
igidation states of Mn are. +2 | 


Pails the difference between double 


‘A doubl ntains\two salts cry 
Mg potash alum, K,SO,. Al,(So,,, 


|Adouble salt does not contain co. 


Salts and coordination or camplex compounds? 


the following terms: 


The atom, fon (usually anions) 6 
Yonating the electron pair is called Ii 


neutral molecule which surrounds the central metal atom or lon by 
d 


Coordination Sphere 


Central neutral atom or ior along with ligand is called coordination sphere. It is usually plated in the 
ire prcckets, t may be positively charged, negatively charged or neutral 


INK,[Fe(CN),}, the ion (Fe(CN),)* is the « 
Ih [Cu(NH;),)SO,, the ion {Cu(NH the 


Central Metal. 


‘atom or ion | (oral 4 transition element: TE Is surrounded by a number of ligands 


IKON, 
Fe*?is the central metal ion. Six ligar 


InICu(NH,),}S0,, 
+ Gi’?is the central metal ion. Four ligands (NH, ions) are 


'chromate ions are converted into dichromate tons? 
‘equilibrium reaction of the inter-conversion is: 
2Cr0,+ + 2H* —— Cr,0,* + H,0 
on ladded then extra H* ions are added to this equilibrium. Hence, accordir 

% ie be gt shifts fo the right. Thus, chromate ions are converted 
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College Chemistry: Federal Hoard: B 


agnetic field are called paramagnetic and the phenomenon ig 
\¢ Unpaired electrons present In the tances. e.g. Mn*” ions (4-4 : 
iv repelled by magnetic field are called diamagnetic and the phenomenanil 
pstances in which even number of electrons are present, and thus 


Aes RAN 


n aiokoeeete in titrations? ( 


ican be died preparéd by weighing it 
te (VI) can be used in the presence of chlotide ions. is possible if c 


lx) How does dichromate | ion converted into chromate ions. “gs 
e * The equilibrium reactio are interconversion is: 
2Cr0,* +2H%-— Cr,0,* + HO 
ions ate added to this equilibrium, these react with the hydrogen ions, T 
; principle, the equilibrium shifts to the left to replace them. Hence, d 
converted into chromate ions. 


‘ 
\\ \ { 
\ y 


these hydrogen lons 
¢ a 


2CrO,> + 2H* > J Cr,0,* + H,O KASS 


ee 


The equilib 
eft to repl 


ves to t 
ydrogen tons. 


ers for the following questions, 


s? How does it affect the following 
properties? 
(i) Binding energy (il) Poran 
See Page 69, 70 
(b) What are typical and non-typle 
See Page 67 
(c) Explain catalytic Activity of transition elements 
See Page 71 
(d) Write composition, properties and 
See Page 72 
(ii) (a) Explain different types of ligand with examples 


6 of Brass, Bron: 


nd Nichrome alloys. 


(b) Describe the rules for naming the coordination comploses with examples 
76 


(UW) (a) Explain “tad and origin of colors of coordination compounds 


See Page 74 
Relate the coordination number of lons to the crystol structure of the Compor 
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q) Write systematic names to following comp 


(0 (Co(NH,) JCI 

{W [Fe(H,0 

(Wi) Nay/CoF s 
(ie) [Cr(OH)(H,0 
(e) K.{PsCi, 

(oi) [Pr(OH) (NH) USO, 


(vii) K,[Cu(CN) J 


(vitt) Na,[NiCI,) S 
(i) Pt(NH,) CI, 


(x) [Ag(NH,),)CI 


fh) Write che 


{0 Potassiumhe 


(W Sodium tetrachloronickels 


(Wi) Tetrammine 


ppe 


(te) Potassium hexoc 


(0) Dichlorotetragmine cobel: 


fa) Discuss vanadium (V) oxide as 


p does chromium (III) ch 
See Page S84 
1 Discuss potassium dichromate V1) and Pocass 
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College Chemistry: Federal Board: 


BJECTIVE 
Marks: 17 


part carries one mark 
d-block elemer 


eat a meieen allt ee 


Acidified KMn0, 


Time: 2:35 Hours 


i) a What is Paramagnetise 
What is the cause 0 


(iil) Name the following co-ordination 


& KdFeACN)d [CoB NHyx} 


(oe) = What are Complenes 
b White the systematic name of the complex KJPO 
Why Fe tons do not ext in soluson? 


How is cheomate ion (CrO,? } converted into dichromare on 
‘Drew the geometric shape of co-ordination number ¢ complexes 
Wy transition elements shows variable cudaton state” 
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Note: Attempt any TWO au 


Qa 


4) In which titration end 


Section = C 


fons. All questions carry equal marks. (2 *13=26; 


8. How does ammonia react wil 
1. When copper lon reacts with carbor 
© What are the use of potassium perman 


1s How does hexaaquamanganese(il) reacts with the following’ 
UW) hydroxide ions (ti) ammonia solution 

'b, What is geometry of the following complenesicompounds? 
(i) (MnCl) (ia) LCuN 4 {Co(NH).)?* 


é How does iron acts as a catalyst in the reaction between persulphate ions and iodide tons? 


(i), (Cr (OH), (H,0)s} 
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Examegles: “2 . S.J, earbonal 


Exercine G5 (1) What are the main sources of organic compounds? 


SOURCES OF ORGANIC COMPOUNDS 
Fowsll Fuel 
‘The dead remains of lving organisms are called fossil remains. 


The main s val, petrole 
is because they are formed from for 


¢ Coal is the major source of organic compounds 
+ ft yields coke end cosl-tar on pyrolysis or destruc 
¢ Mote than 200 organic compounds have been directly 
These coal-tar products form the starting materials for the 


es of organic co} 


e distill 


lated from 
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»ne (CHyCH=CH,) 


ani¢ matter 


uitable methods of 


Examples 
as, fats and oils 
hormones, vitamins, 


ATIAL AND TOTAL SYNTHESIS 


al or petroleum 
esis. 


adily available 


beams 
Many synthetic | sources. e.g. dy 
rubber, fiber 1 
© In many cases va I 1 e.g. syntheti 
dyes are superior to those of natura 
© In other cases the synthetic ih 1 fill th Mirements Not satisfiee 


Rei piarsoiece e.g., ether, ycol, mercurochrome, aspinn, ard the slp 


Peer uy wots Com) 


f organic compounds 


3) Write Important 
te Important products from petroleum. 


Toluene CgHCHs Xylene CHy(CH, 


(5) Define fermentation: 
Fermentation is 
By employing appr 
vitamins and antibiotics 


s the production of chem 


hosts, useful substa 


‘OAL (AS A SOURCE OF ORGANIC COMECUND) 

* Coal is produced by the decaying of trees bu 
temperature and pressure. These trees got c 

¢ The total coal reserves of Pakistan are estimated b 


under the 
ed into coal 


f Pak 


DESTRUC ‘TIVE DISTILLATION OF COAL} 
The distillation carried out in the absence of air is called destructive distillation 


° Process 


«When coal is heated in the absence of air 
coke coal gas and coal tar 

© Coal tar contains a large number of organic comy ate out 

The separation of liquids on the basis of their boiling Ce {s called fractionol distillation 


COAL 


(Destructive Distillation) 


{ | I 


Crude Coal gas | Ammonical liquor 


Coal tar Coke 


(Fractional distitfation) 


Benzole Coal gas (Methane) 


Cyanides Sulphur Compounds 
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() Write down the ch, 


eristics 


CHARACTERISTICS OF ORGANIC COMPOUNDS 


compound from inc 


1, Composition 
Carbon 


2, Combustion 
Organic com} 


$. Melting and Boiling Points 
Organic compound 


4. Solubility 
Organic 


benzene, etc 


T 


5. Stability 
Since organic comr 


temperature into 


6. Electrical Conductivity 
Due to the presence of lent s, wd 
state and in solution form 


7. Source 
Most of organic compounds are obtained fron 


8. Rate of Reaction 
Their rates of reaction are ve 


(1) What ts coal? 
Itis a black colour mineral. Coal is produced by th 
influence of temperature and pressure, These tre 


@) What are the products of fractional distillation of coal tar? 
Benzene, Toluene, Xylene, Naphthalene, Phenols and 


any ot 


(8) What we obtain by fractional distillation of coal gos? 
Benzole, Coal gas (Methane), Cyanides, Sulphur Compounds 


UE EEEENEEEEnnnIENEIEEEE 


Exercise Q3 (til) How organic ‘compounds are used in our daily life? 


USES OF ORGANIC COMPOUNDS is BS 
No field of science is 50 closely related with our daily activities as is organic chet try 
* The food is mainly organic in nature. i 
. “The food undergoes changes in our bodies which are organic chemical reaction 
* Metabolism, growth and maintenance of our bodily functions involve organic ch 
case with all changes taking place throughout the entire living world, plant and animal 
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Food: Pr 


Clothing 


3. Shelter: (Wj 


4. Power and Transportation 


5. Medicines and Drugs 


6. Insecticides: |nsec* 


7. Hormones and Steroids 


8. Vitamins and Enzymes: +! 


10. Pigments ond Dyes 


11, Paper and Inks: >. 


12. Perfumes and Flavors: ? 


13. Plastics, Rubbers, and Resins 


www.topstudyworld.com 


Structure of Bucky Balle 


e@ These have carbon at f 
cage like structure Th nr 
® The simplest of them is ( : 
The carbon ator ; 
* The new molocr 
hexagon structure 


(1) What are allotropes? 
An element may exist in different crystalline forms 7 
{s called allotropy. 
‘e.g. () C (as diamond) in cubic form 
(ii) C (as graphite) in hexagonal forr 


(2) Define the third allotropic form of carbon. 
* In 1985, anew group of allotropic forms of carbon « 
* The full name of Bucky Balls is Buckminister Fulle 
4 Sclentists named it after an architect Buckminisie: 


Frertee Oy 


Importance vf core 


UNCTIONAL GROU 


A functional ar 
themteal 


pr 


Pxamples 


Double bond, trip 


Ris defines 


© The symbol R- is used to 


Thus R- can be CH,~ 


valence by which the functior 


© The functional group is the ac 


¢ Each functional group undergoe: 


molecule, it is possible to pre 


Importance: 
The concept of functional group is imp: 

(1) Functional groups serve as basis for nomenc 

(2) Functional groups serve to classify organic cor 
same functional group belong to the same class 

(3) A functional group is a site of chemical reactivity in a molecule C 
similar chemicals properties. 


‘Abbreviations for common Alkyl/Aryl groups. These are to be 
Methyl (Me), Ethyl (Et), n-Propyl (n-Pr), isopropyl (iso-Pr). 
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qe 18: Organic 


Following is the list of some common functiona 
Some functional g 
Beemecunictional sroups: 
Family Structure of 
aS fune 
Alkane TY 
Alkene 
Alkyni CxC 
Arene 
Ce BS 
Malide c-x 
| 
(X cl 
ed 
Alcohol Geost 
; 1 
Ether CcC-o-C 
| 
C-N-HI, -¢ 
1 | 
Amine if 
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General Chorae 


ah 


th) What are general formulas for alkanes alkenes and 
Aine C,Hy. 


individual me 


DB) Why we arrange compounds tn homologous series? 
The large number 


i * There is 2 gradual variati 
| 


: 


Exerciee Q3 (v) Glue the chemical 


DETECTION OF ELEMENTS IN ORGANIC COMPOUNDS 
© Carbon is an essential constituent of all organic compounds 
almost all organic compounds 
Sulphur, and Halog} 


Oxygen, Phosphorus and M 
and . 
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CU ATS: Organic Com College Chemistey: Federal Board: Part yy 


Reactions 


c (+> 2e00 Sel Oe 686 

copes Ca(OH), + CaCO; + H,0 
Lime water) Mikyness due to ppt of CoCO,) 

H, + CuO > Cu+H,0 

CuSO, + 5H,O > CuSO,.5H,O 


(B) DETECTION OF NITROGEN, SULPHUR AND HALOGENS 4 


Paration of Lassalgn 


(1) Cuta jiece t 
(2) Put this f e i 
(3) Head th ina P tal 

metal i ad a xwdered organic compounds into fusion 
(5) Then heat fusion tut 


(6) f 
(7) Mixed, boil an 


20cm? of distilled water 


(8) The filtrate obtained is c 
(9) Divide this filt 


s solution or sodium extract. 


st the presence of N, S ad (X) halogens respectively 


Reactions (Chemistry of Preparation of Lassalgne's solution): 


Na+C+N + NaCN 

2Na +S > Nas Z 
Na+X+C+N + NaSCN 

Na+X +  NaX 


where X 


The tests for nitrogen, sulp/ 


TEST FOR NITROGEN: __ 

Method 

Toone portion of Lassaigne’s filtrate a fe 
prepared ferrous sulphate (FeSO,) solu 

* The solution is boiled and a few drops of FeCl, s HCl are added to it 

© The appearance of blue or greenish blue (Prussian blue) color or ppt. proves the presence of nitro 


s of NaOH is added to make it alkaline and then then freshly 


organic compound 
Reactions 
Na+C+N > -NaCN 
FeSO, + 6NaCN > Na,[Fe(CN),] + Na,SO, 
4FeCl, + 3Na,[Fe(CN),) > — Fe,{Fe(CN),] + 12NaCI 
(Prasten bve color 
Note: 


© Ifa blood red color is produced instead of Prussian blue color then it pro 
are present in the organic compound 


Na+S+C+N 
FeSO, + 6NaSCN 
aC, + 3Na\(Fe(CN).] 


NaSCN 
Na,[Fe(SCN),] + Na,SO, 


Fe,[Fe(CN),] + 12NaCl 
(Blood red <oter) 


4 


+ 
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gems omens 
aOR SU 
aLFOR SULPHUR m 


et 


io Anather 


S* + 2CH,coc 


H,S + 2CH,COO . 


— 
BI FOR HALOGENS 


GSedium Test 
@ Aths 


DETECTION 
@ There 
Its prev 


@ The second mit 
{OH}, carbons, (CO 
© Mates cf these 


® The sure test fox o» 
the given comnpouns 

Bh the suim of theve px 
__ haus contirrns 


N OF PHOSPHORUS 

‘solid substance is heated strona 

Dera t and po asm nit 
present in the substance hoe 

is extracted with water, tele! with sone 


‘of ammonium molydbate: © > on 
indicated the presence of php 


erably A platinurn, 1!l all ree 
ce of 0 metal in the substance 


schution is test for the presence of metallic radical byt 
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Quinine 
Nicotine 


Menthol 


Camphor 


A rubefacient obt 


Rutin 


Used for the treatme 


Hesperidin 


Used for th 


Curcumin 
A choleretic: obtain 


Cocaine 
A local ana 


Caffeine 


A CNS stimulant: obtaine 


Bromelain 
An anti-inflar 
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is because. it is 2 vow, 
|) Peters CSO, a white Wire 
ee 


18) debetton & compound with more thor 


group of atoms in @ mokecule that 5 


chemical properties 

‘A molecule enn contains more than one functional group, Wis then said to be Polyfunction. 
functional group may) be modified by the presence of the others 

(pipe bond, -Cl, -Br, OH, NH, groups ee 


CHM LS: Organic Compounds @ College Chemistry: Fesderal Bourd: Pury 
__What is the gi 


(iy 
- ifference bet, 


" unds? 
he process in which compounds\isolated from natural sources (¢.9. P ay ish ah Ahora 
&Ic.) are used as starting materic To produce other organic molecules is called partial synt 
Phe patos = id cheap readily available rolecule 
} The process in which an organic molecule is synthesized from small and chear 
is call ~ 


led total synthesis 
‘ cers 
{t)__ How organic compounda are derived by Jermentation process? 

4 HETO-OFGANISIT 

Fermentation is defined as the production of- chemicals by the action of m é 


By employing appropriate organism hosts of useful substances are prod: 
vitamins and antibiotics, 


\iv) What is coal? How Is 


Wd 


(v) What ts Homologous. 


A homologous series Is a series 
indivtdual members are called Homolog. 


Example: { 
Alcohol series. Its general formula is ROH or C,H;,,,OH 


The homologous series of alcohols can be represented 


compound in which adjacent members differ by a CH, unit. The 


as. 
n Formula 

1 CH,- CH,OH 

2 CH;CH,~ CH;CH,OH 


7 Y)_How sulphur can be detected in organic compounds? = 
Ce Lassigne’s fitrate is prepared and [acidified with acetic ac 

* The solution iXboited to expel H,S gas. 

. The(H,S gas tims lead a Paper Black that ir 


Reactions 
Y S*+2CH,COOH > = —H,S + 2CH,COO- 
~ HS +2CH,COO-+Pb* PbS + 2CH,COOH 


Black 
(i ea 


23: Give detailed answers for the following 


() What are the main sources of organic compounds? vce AEF 

—_See Page 110 peace isa 

(tl) Write down the characteristics of organic compound from inorganic compou 

0 a a aE 

(iit) How organic compounds are used in our daily life? 
11. 


i 3 
Wo) Write down any ten functional groups 
chemistry. 


of organic compounds? 
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Note: Attempt any TWO questions. All questions carry equal marks, (2 «13=26; 


¢ Give names of 


Q.5. @ Ditterer, 
bHi 


x ~a0¥ \O 
Unset = se & 


Fe alice cl, 


Pye aNoelhe) 


x Vet Koy eaioc™ CAST a Noe 3 
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HAPTER # 16 
fYDROCARBONS | 


— 
jena lon: 

The ability of earbe 
Thus carbon has th 


yydrocorbons 
Organle compounds whiel cory 


YPES OF HYDROCARBONS 


The hydrox 


HYDROCARBONS. 


These are of two types 
(1) Saturated hydrocar 
(2) Unsatiirated hhydivcart 


D HYDROCARBONS 
an fre the hydrocarbons In whieh core 
+ Bach carbo atom islap" hybridized! |e a 
M4 mney havagiialahDehaivias Ayan he 
* No further atoms ot greupa)af atone can te av 

ape Steen erent Hyrtineattoons 


hain 


ee kt 
ais Gh ch, 
My aamertyytoutare wo bran nous 
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sos bn whieh ot leave t bon atoms are attached through doubl 


hones and alkynes 


urated hydrocarbons in whicl at least two carbon atoms are yp"-hybrid: 
h each other 


wnched chain 


CH;—CH—CH==CH, 
a straight chain alkene) CHs 2-methy!-1-out 


fi) Alkynes or Acetylenes: 


These are the unsaturated hydrocarbons in which/at least two carbon atoms are sp-hybridized « 
@ triple bond jwith each other, 


hain or branched chain 
— 


CH;—-CH—C==cH 
CH>-CH, 
‘@ straight chain alkyne) CHs 2 methyi-1-2u 


These are the hydrocarbons in which carbon atoms attach with each other to form rings 


‘PES OF CLOSED CHAIN HYDROCARBONS; 


1. Alicyclic Hydrocarbons. 
2. Aromatic Hydrocarbon 


(1) ALICYCLIC HYDROCARBONS 
Non-benzenold cyclic hydrocarbons are alic yelic hydrocarbons 
Alicyclic hydrocarbons possess two hydrogen atoms less than their cory 


Wg cf\z SR 
CH, 
CHy—cu, 


Cyclopropane 
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wr 
ne 0) 
— 
zenold cyclic hydroc ecboneae known as aromatic h 
bondgg —¢ In these I as aromatic hydroc 


. 


d from k 
| ne 2 
H, Cc. ia a 
o¢ Sc eS NHN eS 
cy Cc. ~ ~ ~ 
Sion eae i 
ne) | 
H 
t ford 8 
Ne Nea 2 C c ¢ 
sac c ~~ = 3 
| | leer > tis | 
KR 
SINE aa YS 
W Cc Cc H q H c 
" tee | 
H H H H 


1) What 1s catenation? 
The ability of carbon atoms 
Thus carbon has the ability d 
e.g, HxC-CH,- CH,- CH,- CH,- CH,- CH;-CH, _(n-Octane 


What are hydrocarbons? 
Organic compounds which contain carbon and h 
These are of mainly two types. 
* The hydrocarbons, in which carbon atoms attached 
chain hydrocarbons. 
eg. H,C-CH,- CH,- CH,- CH,- CH; CH,-CH,__{1-Octane 
* The hydrocarbons in which carbon atoms attach with each other t© for 


ns. 


tudyworld.cai 


CH #16: Hydrocarbons 


¥ OWN A m= 
(4) Why ‘Unsaturated hydrocarbons are called oh efins 

Aliphatic unsaturated hydrocarbons’ 
(Latin: oleum=oil-+facere=to make). It mea 
lower members of 


this class, e.g. ethene form oily liq 


(5) What is hybridization 
The process in which atomic orb 
equivalent orbitals of same energy c 


d same s 

* The new orbitals formed are called hy 

* The concept of hybrid 
covalent molecules, 


There are various types of hy 
hybridization, e.g., sp®, sp?, sp. ¢ 


(6) Why benzene is called aromatic hydrocarbons 
* The term aromatic is derived from Gree 
* Initially this term was used for suc 


Were found odourless, 
instead of odour 
Since, benzene has low hydrogen to carbon ratio and shows 
hydrocarbon. 


eee = a) 
(7) What is hexagonal structure? 

A regular hexagonal structure has Six equal faces and all anglésof 120 
e.g. benzene has hexagonal planar structure in which all carbo: 
present in the Game plane All the angles are of 120°. All C — C bor 
(1.397 A). Similarly all CH bond lengths are also equal (1.09A\ 


Acyelic saturated hydrocarbons are called alkanes. 
© These are simplest organic molecules with(only C and H atoms 
© Their general formula is\C,Hoa.2 

© These are commercially important ad fuels and oils 


.U.P.A.C. NOMENCLATURE OF ALKANES. 


(1) Locate the largest continuous chain of carbon atoms indepen 
main chain, stem, principal chain or parent chain. 


t of direction of the c 


| 
ee 


H ih 
Samoans 
Longest Chain (Zig 


guih Mpdrocnrbor si 


"Py W ere 00 t0 


main chair 
(dle fing 
Ccaige rd Oo = es 
et Ofe | 
che 
+C—C—c 
ett 
ole of One branch (Not rm 
parila (3) Number the rain chain stan 
Ee 
| Hi 
li 4 
Ng “Gr¢ 
is Ype | 
pound oe 
a es fiesta 


| 
Cc 
| 
3 


4 


prefixed to the name of group separated by hyphen. 


CH. 
iid 


1 2 3 4 5 
CH;CH—CH;-CH;-CH, 
2-Methylpentane 
(6) Names of alkyl groups are written before the name of parent hydrocarbon in 
sing size, separated by hyphen. 


) (6) The position of substituent is indicated by the number of C-at 
1 
; 
n| 
H 


CH # 16: Hydrocarbon, 


(7) Wh 


rs ari 


nmas 


raleae: 
ee 
CH;CH—CH;-C—-C_H, 
CHTCH, 
; 
, CH; | 


3-Ethyl-2,3,5-trimethyInexane 


(8) If two identical groups apr n, the number is separated twice, separated by commas, 


eis lls Wong eae 
CH;C—CH;-CH;-CH, 


cH, 


2,2-Dimethylpentane 


(9) The longest chain of the substituent is numbered starting with the carbon attached directly to the mail 
chain. Parentheses are used to separate the numbering of the substituent and the main chain 
LO aL at Je out open per ey ekens amy Goat treaty : 
SN PR a ee 


L ; 
C,H, CH-CH, 


2 3-Ethyl-5-(1-methylpropyl)decane 
CH, 


The structural formula and names for the simple alkanes are shown in the following table. 


Methane 
Ethane 


5} 

2 GiH,or CH, - CH, 

3 CH,or CH, - CH, - CH, 
4 Ci or CH, ~(CH,), - CH, 
5 C,H, or CH, -(CH,), - CH, 
6 

7 

8 


Propane 


Butane 


Pentane 


C,H, or CH, -(CH,), - CH, 
C)H,,or CH, ~(CH,), - CH, 
CH, ~(CH,), - CH, 
CH, ~(CH,), - CHy 


Hexane 


Heptane 


Octane 


Nonane 


Decane 
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> 4 3 
a) CH—GH-— eH (a) CH—CH 


CH, Ch, 
2,4-Dimethyin 


it ZDimethyl Propane 
e 


th each of the following names. Give the correct IUPAC names if possible 


b) 2.2,3-Methy! Butane : 


aot cH, 

CH-CH—CH, SER aa: 
t H,C—C——CH—CH, 

r CH, | | 

» Bitathyloropane CH, CH, 


2,2,3-Trimethy! 
) 23-Dimethyl-5,5-Dimethyl Heptane 
CH, Cs 


- { 
5 6 7 
Senin ama 
iJ 


| Ethyl Methane 
CH, 
nets 
{Zz 


4) Dimethyl Ethyt [sopropw M 


CH 
CH+C—CH-CH 
Bi 
CHY 
2.2-Dimethyloutane 


(e) Dimethyl Propyl Ethyl Methane 


CH-CH>+c 


2 
t 


i 2 4 4 5 6 
CHs-CHs—C——-CH;-CH;-CH, 
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He gts cH, io 
=| aa ae P eee 
ey (poole €H,-CH—CH,-CH,- H,C—C—CH—C—CH,-CH 
, 
HC CH, e ci Br 4 
(C cry(CH2)sCHICH) 
i Aas Pe ae 
myb— Chi bh EH Ede— CH HE 
~ 2-Methyloctane 


CH3C(CH3)2CH,CH,CH) 


cH, y 
nb —b— don be, the-"c 
ad 4-Methylheptane 
2,2-Dimethylpentane y 


mech E— éH,-EH,-CH, 


[ A; —tntcH, 
TB-Ethyt2-methyhexare ) 


QUICK NOTE 
Effect of branchin. 


Effect of branching on boiling pe 


Normal Alkanes 
° _Alkanes are the si 
Co-bonds,\ 
«They have a ger 
atoms present for a 
Structures of the s 


© As the number of C at 
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roumr tee 


seu os 


U amisity: Fedeeul Bourd: 


30 Cateye Che 


Now 


2.1) do not differ apprec jably. Therefore, the bendy 


Heqativity af carbon (2.5)jand by nti 
eluctrans t H and C-C arelequalk " dh Jads become non-polar. Hence, the\ionic reay 
Mob a ciel lies, oxidizing agents, etc. findhno, in the alkane molecules for reactior 

aoe ey, uineler suitable give two types of reactions: 


lition, Alke 
aalytic Reactic 
(Substituted Reaction 


(Thermal ar 


Nhese ieactions take place at high temperature or of absorption of light energy through the formationg 


Niahly reactive tee radicals 


CYCLOALKANES 


\nother type of molecule containing only sp” hybnic 


ad H atoms.connected by c-bonds is possible 
are both synthetic and natural 


Ving of For more C atoms. The 


|OMENCLATURE;| 


* According to IUPAC system, eyeloalkane 
¢ number of carbon atoms as the ring, 


» the eycloalkanes. 


one ring are named by’prefixing cyclo to the name of 


conesponding alkane having the sa 


t plow: @ 
Gyclopropane Gyclobutane —_Cyclopentane Cyclohexane 
The substituents are numbered in such a way that the sum of pumbers is kept minimum, ¢.9 
CH, 
1 
CH; CH, CH, 6 
2 1 é 
sla CH, 
Methylcyclopropane —_1,2-Dimethylcyclobutane 4,3-Dimethylcyclohexane 
¢ Ifthe dlicyclic hydrocarbon is unsaturated, the rules applied to alkenes (lor double bond) or alkynes (lor 
triple bond) are used. Multiple bonds are given the lowest possible number 
Examples: a 6 
‘ 5 1 
2 1 4 2 
- 3 
Cyclopropene Cyclohexa-1,4-diene Cyclohexa-1,3-diene 


ps, bi hone 


‘overcome,’ As a result, compared to other functional « 
tend to have low meliing and boiling points, 
- x N - 
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ya they have a generic formula of C,H, Thus, these have two les Ha 


s , These are isomers of alkenes, ~ or 
, They have sp*-hybridized carbon atoms. 
WME ite So Re ef ite 2 
Cyclopropane CH, 
of eae ae tee fo Z 
‘4 Cyclobutane CyHs l 
| Cyclopentane CyHio 
Cyclohexane CoHie 
| 


THe reactivity is very similar to the clos j 


© Since,C.and Hatoms have very similar glectronegativitie: 
© Asaresult;-cycloalkanes, like alkanes, aré not a very reac 


UICK QUIZ-2 


What are polar, no-polar and weakly polar compounds? 
Polar Compounds 

The compounds in which{electron density is unsymrr 

In such compounds, electron density is more present oF 
tenters are developed within a molecule. e.g. water, metha 


Non-Polar Compounds ee 
The compounds in whiclelectron density is symmetrical bre called 
Insuch compounds, electrons density is uniformly distributed thro 
Negative centers are not developed within a molecule e.g. carbon 


Polar Compounds 


The compounds in whicl{electron density is slightly unsymmetrical 


In such compounds, electfon density is slight! 
‘negative centers are developed within Trckoule. eg 


Example 


s s (o) Sigma bond 
5. What are intramolecular and intermoleualr forces? , 
Examples. 
© The force atoms within a molecule gre called intra’ 
Examples 7 
Chemical t i 


© Intramolecular force 


OW TO DESCRIBE REACTION MECHANIS| 


¢ When reaction mechanisms are being described, 


a ‘curly arrow’ is sometimes used to show th 
of a pair of electrons ; 


+” The beginning of the arrow shows where the electron pair starts from and th i 


ne arrow head shows where 
pair ends up. e.g. 
H H 
Re ms | 
Br 2a = Br—C—H 
H H 
* The arrows show that a pair of electrons is moving from the Br ion to the region between th 1 


the carbon. Thus a covalent bond is formed between the atoms 
The Same reaction is shown again below, with all the bonding e! 


H 


lectrons indicated 


H 
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ama gone? m 


B qhallarrow is used to show the rm 


5 


yovermen 
The beginning of the arrow shows where t 
vn where it ends up. e.g., 


: H” ci—cr —> H—Cl cr 


Itean be shown as 


inmary of the way curly arrows and half-arrows are used 


(1) Curly arrows. ~~ show the movement 


(2) Curly half arrows “_ show the movement of 


} Electron pair starts here ... ~~... finished here 
| 
i 
| 
: 


Electron pair starts here .<..... finished here 


— 


Sieobetes R-X and HX. 


emails Zit 1.> ee 


Step 3 (Termi 


© Organic chemists will normally describe a reac 
the major organic component. 


d oxidation state,eg +1to +3 
ar 
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min, (1) The longest continuous ch 
(2) The ending ‘ane’ is repia 


1-ene (Correct) 


(5) The lower number of C-atom is placed before the name of parent alkene 
(6) Alkyl groups are indicated by the methods mentioned in alkane 


cH, cH, CH, 
1 2 3 4 5 6 6 i 4 3 2 1 
CH;-C—=CH—CH;-C—CH, = CH;-CH—CH;-CH=CH-CH 


,5-Trimethy!-2- CH, §-Methyl-2-hexene 


CH, cH, 
4 | 1 
—=CH, 


ae | 
a | 


FS 
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BRD reece 0 more une dite bilge wie hai NITUAl ow Labi 


eter... peasy wees anit 
CH—CH=CH, H,C—=CH—C——CH, 


lone or 1S Butadiene native 


Name the following Ofefins by the IUPAC Systems 


ye 1 
(b) CH;-CH=Ch, 


3 
2-Methyl-1-propene 


CH, cH, 
2,3-Dimethy!-2-butene 


2. Name the compounds (a) and (b) by IUPAC nomenclature onc 


d compounds (c 
trivial/common names and (e) by its derived name 


hg ay a ay 
(a) ee 
CH, 


4-Methyl-1,2-pentadiene 


a pt 
(c) | CHyCHz-CH=CH—CH-cH;-cH, 
c(HO—HO=HO-:! t-Heptylené 
(3-Heptene) 


ural formulas for the following co 
(a) 1,3-Butadiene (b) 1,2 


pounds and discuss t) 


ntac 


pa nee H,C=C—=CH—CH;-CH 
& é . 
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trans-2-butene cis-2-t 


(3)(Conjugated alkene 
1,3-Pentadie 


9 linear ov 


The hybrid orbitals forrr/ c-bondsid 


The p-orbitals forrfi zr-bond/‘due to sideways overlap 


xe) O=00\ ES 


OH + ¥ < ‘avertap pt 
8 iid p-orbitals) 


. 
© Thus, each carbon atom has thre 
. 
. 


bor 
Sere n proms: 
Be HOM cticbonas> >> 


‘of one e-atom with respect to otheriis restrict 


Tertiary alcohot 


(2) DEHYDROHALOGENA’ IN OF ALKYL HALIDES| 
Removal of hydrogen halide (HX) from atky hall les is called Dehydrohalogenat 
Example : 
Alle/ halides on heating withlalcoholic potassium hydrox 
at * KOH soho Roch, 


ae 


t 


alcohol 


alcohol 
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process in which  molecul 
seilerete pressure (1-5 


\ Ni- Al! + Wah + H,0 Ni + NaAlO; + 3 H 
: CH, = CH, =a 
GT PD Ni = 
iy H,;C—CH—CH=CH, + H, ——< = G 
a 3Methyl-1-butene s 


: 
: + 3H, 


ieaaatetiel arson, & itis peat in laboratory for analytical pu 
also pred Co h 


Cyclohexane 


ee al 


v. am 7 ph 
ese —— (s<<\s Va alike, 
7 5 bY to ? ee hele ¢ ‘ 
 RYOr hylre 


in Ale, 


Step -2 


In second step; halide ion ‘combines with carbocation 
H 


H HoH : 
[calieene® | 

ae a + X —~ n~c—c—x 
HoH HoH 


le 
The addition of HX to unsymmetrical alkenes follows Markowni kov 
It states 


In the addition of an unsymmetrical reagent to an unsymmetrical cikene. the negative p 
reagent goes to that carbon, consisting the double bond, which hos least number of hydr 


Examples: 


CH;-CH>-CH, 
ey bee SS ee | 


CHp-CH=CcH, + Hg, 


Br 
v= ProPene = 
| 


CH, 


1-Bromo-2- 


Br 


CH, 


cHs-C—cn, 
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ov MC) 
College Chermistrs: Festal Bor Parttl 


at 16: Hhrocarbons Sie aw Nx 


SPs 


Boards 
= ase Pteafate 
+i ant 
Ay Some reactive alke oe eT suitable sobstaices as,acid ele, fe tonn aleohal 


(H,C—>CH, + #0 —5— on - CH; CH; OSO,H 
; =" 


rc Remvene Suiture acid a aw) ey} 


MG) Alkyl hydrogen sul 


= \ Cl 
( .. = 100°C 
( WOH —“- — CHE-CH;OH + H,S0, 
Ethanol 
The reaction follows Markownikoff’s rule Bi 
8+ = } =» H,0/ 100°C rs ae < 
== s—-CH— H3—CH—CH. 
i ohr—chi=cn, + H-0so,H EOS ee SEs 
Pri = 
‘al t OSO,H +; AQHA, 
eRe -cu— Cy So a ! 2:Propanot > 
3 2 ® 3 Isopropyl hydrogen sulfate | | (2:Propanol 


% OM. Kalo gen 
The‘alkenes react with halogen in an inert solvent like carbon tetrachloride at room temperature to give vicinal 
| dihalides off1,2 dihalogenatd products, : 


addin, H 


PI + XS ween space 


Mechanism _ 
‘The Teaction occurs in two steps 
pep dn 5 a 
Ajbromine mi “becomes. polarized/as it approaches the alkene. This polarized bromine(molecule 

araisaancati romine atom fo the alkene resulting in the formation of a bromonium ion. 


efomonium ion 


: st($- Bt 
yz fering 8G: “a ae 
i 2 ‘Bromonium ion 
2 
Cette in ic-dibromide land th. 
of broffiine is discharg 


WAP cudywond.con 


CHE 16: Nw 


i150 Cottege Cheminry: Federal Hoard: Panag 
m5) HALOHYDRATIO} 


Addition of hypohatous acid {f 


© CAN ts called halohydration. 
Alkenes react with hyj acid to give[Halohydrin, 
* In this reaction, molecules of the solvent (Water) become reactay 
X,* HO ——» Hy + Hox ( x, © Cl, or Br, } 
FLD9¢ yy a + 5 ~——> Hx + Hox A ‘ 
x4 BS rn a eee } 
H H ! Ts» I 
nage TN | Ht 
Raa + HOx —=" H—C—C—H } 
y for | 
H H. H-oix Can taphytr Ay oe, 
= a] 


The reaction follows Markownikoff's rule 


CH—CH=cH, + }HOX ——»  CH;-CH—CH, 

Abe 

ee, | 

fa(6) EPOXIDATIO! XE yy as .aren tS 2 OXY? 5 


c Se AS 
© Itis the formation of epoxides, S 
* ‘Peracids such as peroxyacetic acid or peroxybenzoic acids react with\alkene 


it ° 
CLS a 
S CHCL. Vian 
% RC=—CH, * CeHs—C--O7-OH cH, + 
Ethene’) Pertlehzoic acid [Epoxyethane 
{ I _ 


) t 
CH;-CH=CH, * C,Hs;—C—Q-OH 
4 Propane Perbenzoic acid 


Teacts vigorously with, alkenes to form unstable maolozonide. It 


ae 
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pu Boroartons hs1] College Chemistry: Federal Board: Part-It 


on |ON OZONID! | 
Whnonides are unstable compounds and are reduced directly on treatment with zinc and H,0. 


The reduction produces carbonyl compounds (aldehydes or ketones). 


4 (4 
+ H,0, 


Had 
s Hf Formaldehyde a2 
a 


4 : po One ARO =F r 
Zn + HO, ——= 2n0 + H,0 
Ge z 


+ Gonolysislis used to locate the position of double bond fn an alkene 


* The C-atom of double bond is changed to carbonyl group. 


Ethene polymerizes to polythene at 400 °C at a pressure of 100 atm 


100 atm / 400°C 
nH,c—=CH, ——s= -{CH;-CHy} e 
i Ethylene traces of O, (0.1%) mae 8 x 


quality of polyethylene is also produced by polymeri: 
(CaHg)3} and titanium tetrachloride (TiC,) catalysts. 


4 ing Information 
of natural and synthetic polymers 
lyhmer Monomer Where your find it 


Wool, silk, muscle, etc 
Potato, wheat, etc 
Paper, wood, dietary fibre chromosomes, 
genes 
Bags, washing-up bowls, etc 
Ss: Fabric coatings, electrical insulation, toys: 
G .Chioroethene expanded polystyrene 

I ‘Skirts, shirts, trousers 


|. Amino acids 


a 


eae canaries 
SRE HOS 


eo 0 


Ce 
a 
oO 
aon 
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CH #16: Hydrocarbons 


CONJUGATION 


‘he v 
The word "conjugation is derived from 
'n organic chemistry, itis used to déseribe 
An “isolated” p 


An "extended" p 


@ Latin word that means “to link toger 


the situation that occurs when p- 


system existsionly between a single pai of adjacen} atoms le g C=C) 
system exists Quer a longer series of atoms |e ¢ C=C-C=€ or C=C-C=0 


An extended p sy: : enero ie ccmel cack owe 
xt ‘stem results is an extension of the chemical n tivity 
ee oe —— 


Fundamental Condition of a ‘Conjugated System 


* Acconjugated system requires that there is a[Continuous ary ofp’ or 
bonding overlap along the whole system. 


If a position nthe chain does notyprevide a "p" orbital or if geo: 


the conjugation is broken at that point. 


Examples: 


lisolated 


i 


isolated 


— jeurvonaredr 


| 


1 ,3-Butadiene 


|conjugated 
| 
| 


i brit yuo 


conjugated [Benzene 


eo) noislueni Is: 


‘Conjugation is that there are extra p bolidthg'IhtSBUHONs between th. 
liz of the system, 


it 1s Conjugation? —» \v . ah 


= 


the word 'conjugation' is derived 


‘om a Laiin word that 


jporganic chemistry, it 
sn "extended" p -sy 


1 exis! 
ev a longer sene 


then 1,3-Butadiene 1 


“What are conjugated alkenes? 
The alkenes in which an "extended 


Example 
x | H,C—=CH—CH=CH, 


1,3-Butadiene 


H,C—=CH: 


What is pl bond 
‘A bond formed b 
p-atomic orbitals whose « 


What are # and p orbitals 
When the value of azimuthal quantum numbe ti 
dar bvlé Hiskirhin Np elect¥ons 
When'thie Value GP avimuthal Guantur 
three orbitals p,, p, and p,. These orbitaks are 
orbitals can have maximum two electrons each 


p nigne= 
Example: 9 
2,1 9999 
H,C—=CH—CH=CH, / r 


CH—=CH—CH—CH; =m 
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6. What is de. 


hydrohalogenation 


HX) from alky halides is called Dehydrohalogenat 


R—CH-CH, +moH #69 = CH=CH, 9+ KX + H,0 


wore 6 


7. What is hydrogenation 


CH, CH; 
| Ni 
HyC—CH—CH=CH; + H,;, ——» H;C—CH—CH;-CH, 
3-Methyl-1-butene lsopentane 
8, What Is carbocation ees > 
A carbocation is a It is trivale or an 


produced as follows 


9. What is Markownikou’s rule? 
Itstates 
In the addition of an unsymmer 
Teagent goes to that carbon, consistir 


Example: 


2, the negative part of the ad 


number of hydrogen atoms 


H3C—CH,-CH, 
1-Bromopropane 
H;C—CH=Ch, + H—Br Be (not formed) Br 


b+ 8- 


H,C—CH—CH, 


2-Bromopropane 
Bri actual product ) 
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"SHY, What Is electrophilic reagent? 


. An electron deficient r 


ji. What is nucleophilic reagent? 
An electron rich re 


2 What Is halohydration? 
Addition of hypohal 
Alkenes react with hypo 


reactants too s reac ecu se e 
Pi } 
X, + HO ——» Hy + HOX £ 
at 
ac H oH } 
ise: eet ‘ 
H—C—=C—H + HOX pees Sy ries) Say } ray. 
ia is 
Xx OH I 
Halohydrin 
e = ee = y 
13. What is polymerization 


* Polymerization is a process in whic 
together to form larger molecules. The substa: 
* Ethene polymerizes to polythene at 400°C ata 


led polymers. 


100 atm / 400°C 
” H,C—CH, eee oe i 
Ethylene traces of O, (0.1%) n 
Polyetheylene 


What is isomerism? Explain different types of isomeri 


Compounds that have the same molecular formula but different chemical structures are called isomers and 
the phenomenon is called isomerism. 


rism 


The difference in properties of 
‘somers must be due to different Isomerism Stereagamerisin 


1 


Conformational isomerism = Configurations some 


ait 


Optical isomerism 


18 ateovar bon i156] College Chemistry: Feder 
Uhere tu 


wrth 


(1) Struet 
nal omer 


(2YStorwoisomer 


TRUCTURAL ISOMERIS 
Ww 


‘somerism Is due to difference in the arrangement of atoms within the molecule, without any 
the phenomenon is called Structural Isomertsm. 


© to spac 


Struchiral isome 


re compounds that have the|same molecular formula but different structural formu 
Structural isomerism is O€five types: 
\ (a) Chain isomerism 
(b) Position isomerism 
*, (c) Functional isomerism 
( (@) Metamerism 


S, (e) Tautomerism 


;REOISOMERISM 


When isomerism is caused by the different arrangements of atoms or groups in space, the phenomenon Is 
called Stereoisomerism. 


* The stereoisomers have the same structural formulas bt 


* Stereoisomer is exhibited by such compounds which 
configuration 


arrangement of atoms in s 


the\same structural formula b 


Two importait types/of stereoisomerism are 


| (a) Geometrical or cis-trans,Isomerism, 


| (b) Optical Isomerism 
| ““he'centerttramolecules due which molecule becomes os , center l : 


A plane which divides an object into two symmetrical halves, Is 
sald to be plane of symmetry. 


Examples and Explanation: 
* Aperson or a hat has a plane of symmetry 
* Aperson’s hail or gloves lack plane dt symmetry, 
hase 
n object lacing a plane of symmetry is called {issymmetti)o 
ced as Kiva). 4 


be superimposed on jis mirror 
ieee LE 


ma 


Planes of Syin 


www.topstudyworld.com 


fi hand does not pe 
nother tefl hand 


fn each other. It 
the thumb 4 clash 


The minor image relationship of the 


Itshould be noted that right hand 


ny 


} {Chiral molecule has at least one asymr 


Chiral objects 


» Fe Afachiral molecule has a plane of symmetry 


Achiral objects 


ICARBON-BASED CHIRAL CENTER: 
A carbon atom which is bonded to four different groups Is called an Asyinmetrle Carbon Atom or Chiral 
Carbon Atom. 


Examples: 


Viana, 


CH;-CH, COOH 
CH;—-C-—CH;-CH;-CH, 4 Ka 
Br CHO 


Asymmetric Carbon Alors 


. 


he term asymmetric carbon atom is misleading. It only means that » carbon ator is bonrlest to low shilerey 
‘groups. Such type of molecule lacks plane of symmetry and s called! asymmetric (Latin without) thay 
without symmetry, 


‘the term Diseyrmmetric or Chiral Molecules is often used for asyrmnvetric nye vile. 


hance that can rotate plane of polarized light 1s called optically active and this property 
¢ Is called optical activity. 


Explanation 


substance 


s. Wi jh @ Nicol prism (ihadelg 
»ssible planes. When this light is passed throug! / 
only those radiation to pass through it, which {are parallel to its ai 
2 is called plane polarized Jight or simply polarized. 
dF : 


fhrough a solution of an‘optically active compound, the compound 
larized light either to left or ight, These compounds are said fo be Optic Active 
Property of a compound is called Optical Activity . 


Dextrorotatory Comp 
The compor 


Ir 


which rotates the plane of polarized light towards right (clock-wise), jis called @ 
dextrorotatory compound. It is indicated by the’sign (+) sign.) 


* Leavororotatory Cor 


The compound, whict 
leavorotatory compou 


the plane of polarized light towards left (anticlock-wise), is called @ 


d. It is indicated by the sign (-) sign, 


Measurement of Optical Rotation 


The instrument used to measure direction and magnitude of optical rotation is called Polarimeter 


Construction 
It has following basic parts 
* (Fb 
+ (Movable an 
© A tubs 


+ Allight source. | 


polarizer 


ol prism) to polarize light 


col pris 


solution jplaced between polarizer and analyzer 


cont 


Working Vv 
* Light from light source passes through polarizer and is polarized. If the sample tube is empty, then parallel 
Position of polarizer and analyzer sivesqaximum illumination, This is thé Zer0 Yeading 
* Now a solution of known concentration of an-optically active compourid is placed in the sai The 
solution will rotate the plane polarized light through a certain number of degrees, Thus less light will pass 
through analizer and there will be less illumination if 
. 


In order to get maximum illumination again, 
maximum illumination aga 
gives the magnitude of ved rotation («), 


¥ If rotation isa the fight, it is said to be (+) and the compound is ci 
¥ If rotation is ipl left, it is Said to be (-) and the 


analyzer is rotated, the angle through which analyzer js rotated 


lled dextrorotatory 


compound is called leavotrorotatory 


Nicol Seth! J 
prism solution 
Rotated 
Srsnaey Hl Polarised Polarised J » 
ligt light light” ¢ 
Light y 
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ard: 


ty of An id can exist in two isomeric formswhich rotate the plane polarized light in 
opposite directions. These are called Optical Isomers and the phenomenon Is known as Optical Isomertsm 


® The isomer which rotates the [plane of polarized light to the right)(clockwise direction) is known as 
lade GP \Dextrorotatory)Isomer or (+) somes 


ts axig 

= <A 1s The isomer which rotates the plane of polarized light to the left (anticlockwise direction) is known as the 
(WLaevorotatory|Isomer or (-) isomer 

1d will 


Optical Isomerism of Lactic Acid 


+ \Daetic acid (2-Hydroxypropavic acid) js an example of a compound which OOH 
Showg/optical isomerism, It contains one asymmetric carbon stem 


eda, fTwdthree. dimensional structures are possible for Lactic acid 


HO—C—H 


as 


Asymmetric Carbon Atoms 


OH 


H 
| CH, 
Mirror 

y COOH i 
i 
x HO—C—H H—C—OH Equimolar mixture of (+) and 
7 (-) forms is called racemic 
‘ a cH, 2 i “tts : mixture. It is denoted as & ). 
i +)-Lacti tic aci 
id Ng a orc ne = a Sec e.g. (£)-Lactic acid 
4 w (11) (m1) 


they cannot be superimposed on each other. 
Ne 


a 
mages of each other and called E; 


n |. Two are optically active and one is optically inactive. 
saan anced light to the iio the ight (clockwise direction) is called dextrorotatory 


light fo the left (anticlockwise direction) is called laevorotaton 
mage of (+)-lactic acid and vice versa. 


That i: ii itis tt inactive. It is an 


CH 16; Hydrocarbon: 
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Optical Isomerism of Tartarle Acid 


Tartaric acid{(2,3-r 


hydroxybutanedioic acid) contains two asymmetric carbon atoms. 


i; \ \ 
{Four forms\ef tartar 35 trem a es 
* (Two them are \ 
uh. lem are op! nd(two)are opticall(inactive) ‘| 
e x roc a HO- H 
The optically active forms are related to each other asé non ‘non-superimposable mirror 
image of each other H—C—or 


vs the left-{anticlockwise 
tion) is called laevorotatory. (-) Lactic acid is the mirror | Asymmetric Carbon Atom 
nage of (+) lactic acid and vice versa. 


Two Asymmetric Carbon 
Atoms In Tartaric acid 


(-)-Tartaric Acid: It rotates the plane of polarized light to(the | tight (clockwise 


direction) is called dextrorotatory._ 


‘Tartaric Acid: It des not rotate-the plane of polarized light. Thus, it is optically inactive. It is ah equimole 
ture of (+) and (-) forms (racemic mixture) 


meso-Tartaric Acid: 


tt eres So, it does not rotate the plane of polarized light. Thus, it 
optically inactive. 


GOOH Mirror COOH COOH 


HO—-C—H H—C—OH 
Plane of Symmetry 
HO—-C—H H—C—OH H—C—OH nolar mixture of (+) ar 
OOH COOH COOH mixture. It is denoted as & 

(+)-Tararic acid (-)-Tertaric acid 

m.p. = 70°C m.p. = 70°C meso-Tartaric acid e.g. (t)-Tartaric acid 

(Optically Active) (Optically Active) (Optic S inactive 
i) (um) (a) () 


Isomers of Tartarie Acid 


© Inisomers of tartaric acid, (1) and (Il) are enantiomers. 
* However, (i) and (Ii!) are called diastereomers. They are not mirror image of eact 
* Similarly, (ff) and (111) are also diastereomers. 


‘of the same compound which are not mirror image of each other are called 
enantiomers have same physical properties like melting points etc 
e are totally different compounds with different physical proper 


diastereomers 
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TrewFPPN atoms of the carbon-carb. 
Tig@ivon-carbon double bond ronsists of 
‘Thesgma bond is formed by the overla 


ah ‘Thapibond is formed by the overlay 
—or ‘Thepesence of the pi bond locks le e 
Theo carbon atoms of C bone 
OOH thebpsition in space are fixed 
Roan around the C=C bond \s not possible becai ota 4 break the 
Therstriction of rotation abc arbe a1 e e e e 
arbon ae 
eld isommismn in alkens 
simoler ) H H : 
_ y 
c. ia c C 
Za “N 
Is, it is H A 
v 
Rotation 
)and 
ic Rotation about pi bond Is not possible because it would break the pi bond 
t) — 


J for this situation is based uponttwo bonds and tw 
ation of the two bonds. But ence ‘a second nail us. 


HG Hedro 


hed College Chemistry, Federal | 
Fsompte 
* Consider the case of 2 butene: 
HC —~ CH. f H % 
CH; 30. ac a= 
c c Cc c 
H- MS Oe H H- 5 er SCH 
H3C. H H3C H 
Ne 3 Fists De 
7c=C. and c=C 
a“ a 
H H H CH; 
Cis-2-Butene trans-2-Butene 
(bp 4°C) 


(bp 1°C) 


Hence, this type of isomerism is also called cis-trans isomerism 
r - 
Y  Thé cis isomenis one in whic 


lar groups are on the same side of the double bond, 
¥  Thé trans isomers that in which to similar groups are on the o 2 opposite sides of double bond, 


Geometrical isomers aré, stereoisomer, }because they have the same stru ‘al formula but differe: 
arrangement of atoms. a 


The geometrical isomers have, \different physical) nd chemi 


They can be separated by conventional isom 
gas chromatography etc 


ical properties. 
ers have different pt 


ical techniques like fractional di 


Inter-Conversion of cl 


trans-Isomers 


© The conversion of(cis-isomer into trans-isomer,or vice versa is possi’ s heat 
high temperature or al It. 


SRKOE MS 
¢ The heat supplies the energy [about 62 Kcal/mole) to b 


so that rotation about sign 
becomes possible. | 

* Upon cooling, the reformation of the pi bond car in two way giving mixture of tamns: 
plus cis-2-butene, 
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)UICK QUIZ-4 


Define or explain the following terms 

(a) Structural isomerism Page 165 

(b) Stereoisomerisms Page 156, 159 

(c) Geometrical isomerism Page 161 

(d) Optical isomerism Page 159 

(e) Asymmetric carbon 
A carbon atom to which four different groups are attached is called an asymmetric carbon 
Example: 


‘Asymmetric Carbon Atom 


() Chiral molecule 


A molecule which has non-superimposable mirror image is called a chiral molecule 
Example: Lactic acid ee 
irror 
COOH COOH 
HO—C—H ae fT 
CH, CH; 
(+)-Lactic acid (-)-Lactic acid 
m.p. = 26°C mp. = 26°C 
i) () 


2. State the necessary condition for a compound to show geometrical isomerism. Illustrate your answer with 
examples 


Conditions of Geometrical Isomerism 


(i) Presence of double bond or cyclic ring 
(it) Two different groups must be attached, to ea 


h carbon 


ons of cyclic ring 


Example 1. 
No geometrical isomers are possible for propene It is bec: 
groups (H atoms) attached to it. 


bonded carbons has two identica 


Coltege Chemistry: Federal Board: Pe yy g pee H 


hy petores reg % 
(! 
Example 2. 4 iy ‘h doub' 
s because each double 
Geometrical isomers are possible for 3-hexene (CH,CH.CH=CHCHCH) This is b 
carbon atom is attached to two different groups (CHjCH, and H) 
Same 
Side “\ de 
H H aN 3 
‘ 
\s__a/ —==C (d) 
Picha/on Ne PA 
CH;-CH, ‘CH;-CH, CH;-CH, H 
cle: Hexene trans-2-Hexene 
Example 3, 
* No geometrical isomers are possible for 1,1-dimethylcyclopropane. 
+ 1,2-dimethylcyclopropane exists in two isomeric forms. 
CH, CH; 
CH CH, H 
Identical atoms/groups 
(on same carbon { 
\ Ue H H 4. We 
CH, H CH, 3 
1,1-Dimethylcyclopropane cis-1,2-Dimethylcyclopropane trans-1,2-Dimethyicyclopropa 


* In cis-1,2-dimethylcyclopropane the two methyl groups are on the same side of ring, 


* In trans 1,2-dimethyleyclopropane, they are on opposite sides 


3. Which of the following compounds shows geometrical isomerism? 
(a) 2-Butene 


It will show geometrical isomerism sir different groups are attached to each C-atom of be 
‘ 1 1 
CH, CH, H CH 
Mean’ Mig ak 
CH;-CH=CH—CH, —> aa \ 
‘ 
2-Butene H H CH, HA 
bs cis-2-Butene t 


trans-2-Butene 


how geometrical isomerism since one carbon of double bond has two same groups attached! t 


Zé 
ch, 4 
2-Methyl-2-butene: 
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1, 


CHIE: Hteocarh 


(©) 2-Pentene 


It will show geometrical fenvrverteis eh 


BuvCeRe ate ses Sry 
CH;-CH;-CH—CH—cH, 


>. Pentene 


(d) 1,2-Dichtoropropane 
Tt will show qe ira! fers 


cvelic ying 


4. Which of the folforwina re 
fa) CHy-CHeOMs 

© Twit ne 

88) Allache 


toptival te 


and 


different evel 


(b) CHYCH LOH Se» CHOH. 
fe He wall fiat eles epsttent 


hom 


Phy PH, OM, 


ish qennnatTteat tennerten 


HN ae 


on 


hry 


hain imomers 


An ocid of formule CH 


10, ts optically active Whar ts its souccure? 


Asymmetne carbon 


\. c00H coe 
Nl 


H—C—CH, 


cH, 
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CHET® Hydrobartons 174) College Chemistry: Federal Board: Part 1 


PEEL KON ES 2D OC 4) 
1.U.P.A.C. NOMENCLATURE 

(1) The parent hydrocarbon is the continuous chain containing triple bond Vice 
(2) The ending ‘ane’ of the alkane is charged by -yne 


CH=CH CH;-C==CH 


Ethyne Propyne 5-Methyl-1-hexyne 


(3) The main chain is numbere: 


cd starting from the terminal carbon nearer to the triple bond 


—— ed 
3 2 1 
CHyC—C 


4 


5 
CH>-CH, CH>-CH, 
3,3-Dimethyl-1-pentyne 


(Correct) (Incorrect) 


(4) Triple bond is give 


e number of the lower carbon atom 


attached to triple bond separated by hyphen. 


CH;-CH;-C==CH 


1-Butyne 


(5) If two ot more triple bonds are there in t 


6 LoS ahs Se ale 


(A) The suffix ‘ene’ is used to denote the 

(2) the suffix -yne to denote the pr 

(3) The suffix —‘ene’ always precedes 
the large number. 

(4) The position number for the double bo: 


) The position number of triple bond is plac 
number would result from each te: 


ea (easy 
HC==C—CH—CH=Ch, 
3-Methyl-1- 


pentent-yne 


Wa Fase 
ve raat 


CH # 16: Hydrocarbons ie 


6 5 


“yee 
race ee i —CH;-CH 
CH=C—CH;-CH;-CH=Ch; 4-Hexen-1-yno 

6 5 4 3 z 1 

CH=C—-CH=CH—CH=CH, 


1.3-Hexadi 


1-Hexene-3,5-diyne 


anyh  ee 
5 Pa eer —CH=CH—CH 
GH=¢—¢H—CH;-CH=CH, Chee : 


| 
ve CH; 
4-Methyl-1-h 


3-Methyl-4-hexen-1-yne 


Give the IUPAC name of the following 


ijacase 
C—C=CH 
Butadiyne 1-Buten-3-yne 


‘ 
(a) CH;-C==CH (b) CH 


1-Propyne 1 


(e) CHs-CH;-C==C—CH;-CH, 
3-Hexyne 


SELATIVE STABILI 


Alkynes are more stable as compared to alkenes due to the presence of extra pi-bond. That is why alkvn: 
less reactive than alkene. 


This can be supported by the thermodynamic data of al 
AH of 1-Hexyne = 290 kJ/mol 


es and all 
while AH of 1-Hexene = 126 kJ 


us, alkynes require more ene: 

STRUCTUR 

* The two carbons of acetylene (alkyne) are sp-hybridized. The Dy a sigma-bond due to sp-sp ort 
overlap, 

* The unhybridized two p-orbitals on one carbon ove on other carbon to form 
pi-bonds. 

. 


The cloud of pi-electrons is present cylindrically sym 


n sigma-bond, 
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MORE PRACTICE 


nb—ty-b—ty, — o—b=0H, 


H,C—CH, CHy 
2-Ethyl-1-butene 2-Methyl-1-propene 
jee 5 ey att 
He—?—# H,C—=CH—CH,-CI 


3-Chioro-1-propene 


CH; CHy 
2,3-Dimethyl-2-butene 


Lees agi We at bu=cu, 


Cos cH c 

2-Ethyl-1,3-butadiene Hsc~ CH Hye OH 
3-iso-propyl-1,3-pentadien 
e 


aca re es ee 


i 


pm 
H,e—e==t— tutu, He==t— 2-H H,o—=th—tn,-e==b 
> 1-Penten-4-ym 
[4Methyl-2-pentyne Jon, 5-Methyl-1,3-hexadiyne “Gj, 
co oH, 
ery 
H,o—=bu-G—é==6n H,C==tH—tu—-6==8— bn, een 
4 CHy 
CH; CoHs MS swe 
[ ¥Chloro-3-methy-t-penten-4-yne 3-Ethyl-1-hexen-4-yne iy 
4 2-Methyl-3-hoxyne 
’ ae : 
4s ae “Er Omey 


CH; ‘ % 
_ 4-Methyl-1,3-hexadien-5-yne A 


\2-Methyl-1-hexene-3,5-diyne CH, 
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PHYSICAL PROPERTIE: 


+ Jar organic solvents 
in non-polar org 
{m general, alkynes are non-polar and are insoluble in water but soluble P 


PREPARATION OF ALKYNES BY ELIMINATION REACTIONS 


Alkynes can be prepared by the following methods: 
() Elimination reaction 
(H) Alkylation of sodium acetylide. 


(i) ELIMINA‘ IF HYDROGEN HALIDE (DEHYDROHALOGENATION)] 


The removal of hydrogen and halogen from a molecule is called dehydrohalogenation 


5 the presence of 
Alkynes can be prepared by dehydrohalogenation of vicinal and germinal dihalides in the pre | 
alkaline reagents 


(a) Dehydrohalogenation of Vicinal Dihalides Z 
*  Avicinal dihalide contains two halogen atoms on adjacent carbon atoms. 


enyne 
CH-CH, j<ci CH=CH, 
Abou fi gt ISO" Base == CH=CH | 
Br Br “HBr Br ES 
* [Higher alkynes are also formed in the presence of alcoholic KOH, e.g,, 
alcohol 
CHCHRCH-CH, + 2KOH = — CH>CH-C==cH + 2K Br + 2H,0 
ke 100-200 °C 
\  R-Mearnelae Herne] \-\c ne 
Br Br : 
eWeen RN a ech gaa mos ad % 
* In the presence of strong base sucha. Hand at high temperature triple bond at ter 


to givelmore disubtitutued alkyne 


CH;-CH;-c 


A 
CH ——» CH 


—CH, 
1-Butyne 


2-butyne 
B&B Wows 


* Therefore, alcoholic KOH is useful wher{reanrangement is not possible, 


leohol 
® Ont + 2KOH CH —c= cc. 


s+ 2K Br +2W 
100-200 "c 


Br Br 
Rivow 


\ 
Lalkynes can be Prepared from vic-dihalides wit 


+ SH 


liquid NH, 
ys + 3NaNH, 


abt 
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(a) Dehydrohalogenation of Geminal Dihalides 
Adihalide containing two halogen atoms lin! 
gives alkyne, e.g., 


ked with the same carbon atom) on treat 


a Br “ 
Ve & liquid NH, eee 
He—CH>CH + 3NaNH, —> C,H;—C==CNa + 2NaBr +3NH 
‘ Zenreaase = 
Br 


(ii) ALKYLATION OF SODIUM A TYLID) ey 
The sodium salt of alkyne can be reacted with an alkyl halide to give 
~~ 5+ 8- 
=c" wat + ot —> ©He— 


bigger alkyne 


C—CH, + NaBr 


ions. 


‘Acetylene (alkyne)/is an unsaturated hydrocarbon and shows addition react 
* Ttalso undergoes substitution reactions due to easy cleavage of C-H bond. 


The pi-electrons are present cylindrically symmetrical about carbon-carbon s 
@ terminal hydragenis-possible without disturbing carbon-carbon boding, Thus 
eactions are possible in acetylene and 1-alkyens (terminal alkynes). 


= ove 
iSma bond and the rem 
electrophilic sul 


(A) __ ACIDITY OF TERMINAL ALKYNESn] 


Yeu The acidic hydrogen of alkynes can be removed by a base { f 
RN parce y 
4 R—c==c" + B—H 


R—C==c—H + BS —~ 


+ Inethyne and other terminal alkynes like propyne, the hydrogen atom is bonded to the carbon atoms with}sp-s 


«An sp hybrid orbital has 50% s-character in it and makes the carbon atoms more electronegative. Thus, the 


sp-hybridized carbon atom of a terminal alkyne pulls the electrons more strongly making the attached hydrogen 
atom slightly acidic. 
oe s- ost 
H—C==C—H 


: te 
# This H° can be substituted with metal. Thus substitution reaction occurs due to H 


° panels 


W) Wheh L-alkyne or ethyineis treated \with sodamide in liquid ammonia or passed over n 
i: acetylidep are obtained 


liquid NH, 
R—C==CH + NaNH, - 


_ WeS=CH + 2Na a 
is & very valuable reagent for chemical syn 
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i ammoniacal solution 
® (i!) Acetylides of copper and silver are obtained by passing acetylene in the 
chloride and silver nitrate respectively. 


4 - —— 
i 5 — 2NH,Ci + 2 
HC==CcH + Cu,ci, a 2NH,@. — > + CucS=cCu + F 

~n Red ppt. 


HCS=CH + 2 agnd + 2NH,OH ——» AgC==CAg + 2NH, NO, + 3 
4 White ppt. 
Thus, these reaction can be used to detect 1-alkynes (terminal alkynes) 


© \Silver and copper ac 


etylides react with acids to regenerate alkynes, — 


AgC==cAg + H, SO, (ditutey ——» HC==CH + Ag,SO, 


Agc==cAg + H,NO, (dilute) 
These alkyynides are used for the preparation, Purification s 


— > HC==CH + 2 AgNO, 


eparation, and (identification of alkynes. 


ivity of alkynes compared to alkenes: 
() increased nucleophilici 
(ii) stability of any inte 


(1) HYDROGENATION 


* Alkynes react with hydrogen gas in the Presence of suitable catalysts like finel di 
* Inthe first step alkenes are formed which them take up another molecule ofhyd 


vided Ni, Pt or P. 
rogen to form an alkali 


CHScH + 4, _N! 


— 


Heat CH=CH, 

"=e Ni 
H.C=cH, + Rye CH;—cH 
Heat ¥ 


ber! 


Syn-additior 


18 Ut Kndrecarbons 


* «This reaction is ster 


oselective because it gives only the trans-alkene via an anti 
¢ + The reaction proce ds via single electron transfer from the Na with H coming from th 
«+ The stereochemistry of this reaction is opposite to that of catalytic hydrogenation (syn. 


++ These reaction conditions do not reduce alkenes, hence the product is the alkene 


3) HYDROHALOGENATION 


Alkynes react With hydrogen chloride and hydrogen Bromide t to form dihaloalkenes. The reaction oce 


accordance with Markownikov's rule. 


CH=CH + H—Br ——> CH=CH—Br 


( Vinyl bromide 
- 
X 


Second addition is according to Markownikov's Rule. 


CH=CH—Br + H——Br ——»  cH—CH 


1,1-Dibromoethan 


(4) HYDRATION 


later adds to acetylene in the presence of mercuric sulphate) dissolved in sulphuric acid al 


HgSO, 
CH=CH + H——OH ~ 
H,S 


Rearrangement of Alcohol: 


Vinyl alcohol it unstable, It has thelhydroxyl group attached to a doubly bor 


tyracetaldehyde. 


CH=CH = CH>—-C——H 


Acetaklehyde 


V bt & HgSo, 
CHy—-C==CH + H-—OH - 
\\ H,SO, 
\ = ROORY 
Ho 
ad aller 
Chee cH, os CHy-C—CH, 
J Acetone 
ndusirially important becaune aldehyctes )an be prepared &s 


CH=CH—OH 


Vinyl alcohol 
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(5) BROMINATION 


Chlorine and bromine add t6 t 


oo 


@ CH=CH + Br, —~> CH=C 


CH=CH 
ee ie 
Br 6r 
Br Br 
cc, 
CH=CH + Br, —- CH—CH 
Br Br Br ad 
cel, 
(u) CH-C==cH + Br, —> 
34°C 
Br Br 
Br Br 
fs cel, 
CH-C—=CH + Br, ee, 
Br B , 
3 Br 5 


The Halogenation may be stopped at the dihaloalkene 
less nucleophilic than even triple bond itself a 
(6) OZONOLYSIS 


When ozone reacts with alkyne followed by aqueou: 


is work uD) 


H,0 


—~= R-——cC 


R—c==c—R + 0, 


The product is 
R—c=>c—r + 4, 


‘The catalyst is finely dividéd Pd supported or 
cis-alkene. eee 


Quinoline 


age Chemisers: Federal Be 


(i) Methane to Ethane. 


. 
cH, + oc, “US nc—cr + HCI 


2H,C—CI + 2Na 2% HjC—CH, + 2NaCI 
(i) Ethyl chloride to ethene 
cohol 
CHy-CHycr + KOH = H,C—=CH, + act + H,0 
Ethyl chloride Ethene 


Ill) Ethene to ethyl alcohol 


H,C—=CH, + H—oOSOH ~ CH;-CH:- OSO,H 
Ethyl hydrogen sulfate 


Ethylene Sulfuric acid 
100°C 
CHy-CH;-OSO;H + H,0 ——e CH;-CH;-OH + H2SO. 
Etha 


Cl, 
Hc—=cH, + Br{ wer moh 


Br Br 


—CH, + 2M OH “8, CCH + 2 qBr + 220 


Br Br 
(e) Ethane to Ethene ‘ 
sunlight 
H,;C—CH,+ Cl, ——® H;C—CH,Cl + HCI 


Met + oH B20 cH, + Kel + 4,0 


cr 


{v) Ethune to Acetaldehvde | ,) L~ H—O 
HgSO, 
Ho==cH + H—on ——> H,C—CH _ 
ge H,soO, ( VinyT alcohol 


o 
| a Cpe i 
H,C=CH H,C—C—H 


rly Propyne to Acetone 


Acetaldehyde 
y siter tena 
{v) Ethene to formaldehyde 
H H. H 
ENE, Sea 
ee +O, ——> yo in 
ra H aa 
einene Ozonide 
o 
3 Hy 2 CH; 
Ne Ne + in 88, 2 H-c—H + ino 


Formaldehyde 


Important Information 
Discovered by: 
Isolated by: 
Molecular Formula 
Molecular weight: 
Special Features: 


* Michael Farada 
* Hoffmann isolated 
° Asafun 


MONOSUBSTITUTED BENZENES : = a 3 


(a) Common System Naming: 
The following procedures are a. 
(1) Parent name is benzene and the 


uent is indicated by a prefix, e.g, 


cl No, Br 
Chlorobenzene 


Nitrobenzene Bromobenzene 


ne. According t 


(b) IUPAC System of Naming: 
(1) Mono-substituted derivatives of benzens 


ie are named by Prefixing the name of substituted to the 
benzene’, 
Example: 
CH>CH, I 
Ethylbenzene lodobenzene 


Ths Pole these naga Known by theiccommon or hivial names which 


are still in use 
A few are given below: 
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CH, NH, CH=Ch, COOH cHO 


0 0 0/0 Oo 


Toluene Aniline Styrene Benzaigenyde 
CH ae 
we CH; ae 
OH OCH, CH $O,H COCh, 
o— 
| ) 
WY 
Phenol Anisole NES. 


DISTRIBUTED BENZENE 

(1) When there are two substituents on benzene ring their re! 
by prefixes ortho (0), meta (m) and para (p’ om 
by numeralswhile naming according to IUPAC syst 


CH, 
$ A 2 CH, 
8 3 

rt 


o-Dimethylbenzene 
(1,24 ee) 
{o-Xylene) 

(2) If thé substituents are different and one 
carbon which is linked to the alkyl group and 

(3) When a common name is used; the substituent which 
in phenol, is considered to be on catbon-1. Thus 
group and such a compound is named as de: 
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vember! Example 
iferert function to check as per} 

CN , CHO , -COCH, , -OH , -NH 

COOH and OH cre Present, then COOH 


124-Trichlorobenzene 
No, 
3 ‘ed ba 
() 4 cH, (9) cH— 4 


6 
3.5-Dinitrotouene 


CHE 1b Hydrocarbons $ s 
ORE PRACTICE 


AROMATICS 


8 HC—=CH, is OsN, A NOs ore 
i © ‘Cy 1. HO a, 
7: if 1@)} 


O COOH ns a 


Benzophenone Vinylbenzene4-MV 


cr 
Ms CH, COOH aoa 
‘ 2 | = Ne x yi 
aN ‘ey 
O: Hic-()-8r O: ds ‘ 
Arik ag Y “NH; ~ 
34odotoluene 4-Bromoethylbenzene — 3-Aminober d benzene 3-Nitroaniline 
9 
cr a i 
5) C-H C-H 
“es? 
H,C_ 3 CH; 
Ol Owe >) 
Ch yet 5 a Pr Ds 
y 7 


! 


4,3,5-Trichlorobenzene 3-Chiorobenzaldehyde 2.4,6-Trimethylbenzaldehyde —3,4-Diiodobenzaldehyde 

tr ©) 

ch ») 
: ‘O: 
‘ 

a ane] KA 
H H.N° Np 
2,5-Dichlorobenzenesulfonic acid 2-Hydroxybenzenesulfonic Se Re Es 


=r 
je) 
iS 
je) 
lal 
~ 
is) 


mee! OUD 


cyclopropane cyclobutane cyciopentane 
cyclohexane cycloheptane cyclooctane 


Ko Lele 


cyclohexene Cyclo-1.3-pentadiene 


Methylcyclohexane 4 3.pimethyicyclopentane Methylcyclopropane 


& cl 
{CH NH, 
‘ 


CH; 
4-Chioro-3-methyleyciohexa-1,4-diene Cyciohexanamine _N 


Which representation is best? 


Kekul 
(1) Benzene is less reactive 
(2) It shows dual character, i.e,, 
(3) It has less heat of formation, 
(4) It has equal C-c bonds, 


CH # 16: Hydrocarbons 


boiling points and low 


represented by 


ence of pol 


Robison structure 
Alf twelve atoms in benzene, 


Benzene has d planar, cyclic 


eni{Kekule structures)are obtained, Thes: 


id C-C 
valid resonance c ontribut 


't contains altemating C=C 
two equally 


Alternatively, these two forms can 


@ resor 


nce hybrid and the conjugated sys 
a circle as in the Rot nson structure. 


All the CC bonds are 1.4 A [between ! C=C (1.33 A) and C-C(1.54 A) distances] 


In benzene all the CC bonds 
represented by the resonance hybrid‘in the Robinson form, 


However, the key to organic ch; emistry is to understand mechanisms 
Positions of the electrons. The Kekule structures give a more precise de: 
Hence, it is a 900d idea to use a Kekule representation, 


ons of Kekule's Structure oR: 
e's structure failed to ¢ 


re ‘kgown to be of equal length, ¢o there are iG C=C and C-C. This js 


and draw curved arrows to sf 
Scription of the electron 


xplain as to why 


it shows addition 


48 well as substitute react 
and 


ion. 
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Sigma Framework of benzene: 
The combination of six sp’-hybridized carbon atoms and overlap of six hydrogen atoms 
following sigma frame work of benzene 


Delocalized pi-bonding: 35 
“« » Six atomig p-orbitals one on each C- ‘atom, are presert perpendicular to this sigma bor 
¢ Each p-orbital overlaps in parallel manners with neighbouring p-ort to give a cot 


negative charges as 


Conclusions: 
© The parallel overlap all six p-orbitals form an extensive delocalized pi-bonding which spreads oval all th 
carbon nuclei of benzene. 


Bl Daeliation of p-orbils over he entering produces sandwich like structure of benzene and it dect 


ihe molecule t becomes more Stable ane less re Cie 


g to this ent “orbital picture each” calbon-carbon bond in ¢ 
and half a pi-bond. Thus, the carbon-carbon bond lenaths are equal 
well as addition reactions. 


voone full 


benzene shows 


CH # 16: Hydrocarbons Li86} 


Sa ie the structure 
Criticize the following statement: “Benzene is a mixture of molecules most of which have 


or 


i it ca aid that if ber 
These two structures explain most of th’experimental properties of benzene.)So, it can be said 
@ mixture of molecu 


les than most of these have the above structures, ‘Sree eee 
However, these structures show that benzene ‘contains double bonds,’ therefore, it shoul sive 3 e 
unsaturated hydrocarbons i.e.\\addition reactions However, benzene mostly gives substitution react 


saturated hydrocarbons. Hence, these two are not actual structures of benzene. These can be co 
hypothetical structures, 


help 


of molecular orbital behaviour we conclude that benzene has 
A reqular hexagonal structure with an inscribed circle. x 
A hexagon has alternate double and single bonds. 


() ; RESONANCE 


The possibility of different pairing scheme: 
different structures thus arranged are called 


Explanation: 
The resonance is represented by a double-headed arrow’ 


Example: The following different pairing schemes of the fourth vale 
possible in benzene. This gives 


of valence electrons of atom 


is called resonance” a. 
“Resonance Structures”. 


nce (the p-electrons 
the following resonating structures of benzene: 


i 1 Z 
6 2 i 2 6? 
— — <> ae 
5 3 5 3 sx Ss 
4 


3 
«_ (a) (b) (c) 


* The structures (a), (b) were Proposed by Kekule and (c), (d), (e) were 


© The stability of a molecule increases with increa 
of be enti 


nzene is chemically quite stable 


® The actual structure of benzene isla resonance hybrid of all five structures, 
Kekute’ 


structure have the larger contribution \and Dewar’: 
molecule can be represented by either of the 


a 


proposed by Déwar 
se in the number of itd resonance 


structures. Thu: 


§ structures have the 
two Kekule’s structure 
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ble bonds in the above structure are called conjugate bonds or resonating 


a resonance hybrid, therefore all the C-C bond lengths are equal, However, 
alkanes, alkenes and alkynes. It is intermediate between those in 


nzene can better be represented as follows. 


M _ RESONANCE ENERGY prea e  Ne 
Tie rescmamce energy of 2 compound is a measure of the extra stability of the conjugated system compared 
the corresponding number of isolated double bonds. |t can be calculated from experimental measurements. 


hydrogenation, |AH,, for \three molecules, , benzene, 


the same product, cyclohexane 
bonds are assumed to be isolated from each other. Thus 
=360 kJ/mol). Thus, during hydrogenation of 
nree isolated C=C bonds. 


ypothetical molecule, 


/ XX ee cyclohexatriene 


so, | © 
| =a - © 


120 kJ/mol 
22 6 kcal/mol 


AR EGE < 


: \ 
NSE ANA Une TOS 
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1 
‘elo 
3%) EB 
Ace pine ly WS — 
ACTIVITY AND REACTIONS 
The image shows the electrostatic potential for benzene. 


* The more dark area is the region of higher electron density and the less dark area 
is the region of lower electron density z 


ap ARS <y AK See 


es 
Aen 


Hence, the aromatic p-system is nucleophilic in character. 
For arenes, there are two types of reactions: 
Y Reactions of electrophiles directly on the aromatic ring, and 


Y Reactions of the substituents (since the neighboring aromatic group influences 
its reactivity). 


For reactions directly on the aromatic ring 


Y The cyclic array of p-bonds is a region of high electron density so arenes are typically nuclec 
alkenes and alkynes) 


Y Alkenes and alkynes undergo addition reactions. However, arenes typically undergo substitutic 
which a group (usually -H) is replaced and the aromatic system is retained 


The stabifity of the aromatic system favours substitution aver addition. It is because addition wor 
the aromatic system. 


ADDITION REACTIONS} 


Benzene is highly unsaturated compound. It has three double bonds in it. But it does not unde 
teaction happily. The reason is that it shows resonance. The delocalization of pi-electrons makes it 


@ So for addition reaction benzene requires more vigorous condition than that of alkene 


(1)___ CATALYTIC HYDROGENATION 


Benzene can be hydrogenated in the presence of a catalyst as Pt, Pd. or Rane: 
temperature and pressures. 


If we use the metals like Ru, Rh, supported at carbon then hydr 


H 
H. H 
ae} 4, Pt, Pd or ne 
H H Raney Ni/ 200 °C c | 
Bbenzene 


H 
HH 
Cyclohexane 


wt 
An Coit « Chemistry: Federal Board. 
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2) _ ADDITION OF HALOGENS 
« Benzene can add three molecules of chlorine’or bro 


H. 
onan oe H cl lA ol 
2 = = 
H UV, light H 
ce cl 
Bbenzene cr 
1,2,3,4.5,6-Hexachlorocyclohexane 
H 
H Br Br 
H. H Br H 
Br. Br 
bh H Br 
+ 3Br, y - 
H H UY, light Bi H : 
H Br Br Br 
Us Br 
Benzene Benzene hexabromide or Sr 


Reaction of F; and Iz: 
‘The reaction 6f F, with benzene is very vigorous} | while with hitis I itis very slow, 


Conclusion: 
“The addition reaction of hydrogen and chlorine show that benzene is unsaturated hydrocarbon and has three 


double bonds in it. 


» (1) CATALYTIC C OXIDATION _ 
When benzene is oxidized with air in the presence 


of V;0, at 450°C, then we get maleic anhydride 


fe) 


V0, tds 
2 +90,  ——> 2\I VO + 400; + 44,0 
450°C cH-c 


Maleic anhydride ‘¢ 


smercial method\for the preparation of maleic anhydride which(on hydrolysis give maleic acid 


; 
ce} 
te a 
we Do+ no —- || 
HC—C— On 


Maleic acid 


not oxidized Di KMn0, or K,CQO, 


ee. ae . 4 


CHW 16: Hydrocarbons 


(2) COMBUSTION 


f produced, just like ott 
When benzene is burnt in the presence of air or oxygen, CO, and H,0 aré produced, ju 
hydrocarbons 7 


+ /150, —» /2¢o, +/6H,0 


(3) OZONOLYSIS 


Fi o ed as an intermediate 
Benzene reacts with ozone and gives qlyoxal, First of all triozonide is produced as an interme 


Keown 04 e On Zn CHO 
+ 90; eG) + 3Zn0 
Bact oy / HO CHO 
. z 


Semen st 


(@ OXIDATION OF SIDE CHa 


Alky! groups present in the benzene ring are oxidized into carboxylic groups. The oxidizing ager 


() KMnO, + H, (i) K,Cr,0, + H,SO, (mi) Dil. HNO. 
CH, cooH 
KMn0O, + OH 
S eS TOF: Ome Si 4,0 
2 Heat, H,0* LA 
Toluene Benzoic acid 
CH-CH, coon 
KMnO, + OH 
SU aie “S| + co,+ 24,0 
£ 2 2 
Heat, H,O ee 
Ethylbenzene Benzoic acid 
cH, COOH 
KMn0, + OH 
eoy + 24,0 
Heat, H,O° bg 
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powerful etectrophiles are dequired Yor a 
coud in benzene. 


Explanation and Example 


Substitution of halogen in benzene requires 
molecule to produce a powerful electrophile 


(W) Formation of a strong electrophile (X") tetc a 
2Fe ste SXg + 2F eX; Che 

FeX, + x ice Fe eh eRe t . 
Tetra haloferrate ton (III) Halogenoium lon 


(il) Attack of electrophile at pl-bond: 
* The halogenation ion,jhus produced attacks as a powerful elects 


H 
(ata Sie: 
Electrophile INS ene 
Benzene Bares A> ‘ = 


* Ithad benzene unstable. The(stabilty is retained by the removal of H-atomito give substitution product 


x x 
oa eeeN. fast 
‘a WH” Fex, —> + HX + Fexs 
~ + = 2 
General Pattern of Substitution 
The general patiorn of the chemical reactivity of t towards electrophiles can be shown as follows 
a AH F 
oY Sk 
oo 
f H 
> Electrophite + 


Benzene 


11 1: Hydrocarbon 


Caltege Chemistry: Fei 


Summar Comaaad 
Reaction Reagents Electrophile Product 


/NO, 
Nitration HINO, / H,SO, NO,’ (| i J 
SO,H 
H,50, or SO. c if 
Sulfonation y Bai 505 (| 2 
PE | 
Cl, / Fe or FeCl a 
Halogenation | 5 Br 
Br,/ Fe or FeBr Br ( x5 
A 
| ] | Y R 
i 
i R-CI/ AICI, R’ | Bs 
2 | Z 
| | | | ~~ R 
| ROH /H 
| Alkylation Page 298 for R* | 
| arbocation generation) a 
| | } 
| CeC/H | 
| (See Page 148 for R* 
} | 
| | 
| | | 
| | RCOCI/ AICI, RCO’ 
| | 
Acylation | (eae 
| | 
RCO,COR/AICL,| —RCO* 


Exerelse Q3 (vl) Explain the fol 
n (b)_Nitration 


1) NITRATION ——_ 
of 


\E* formed by loss of water fr 
Reversible 
IE" formed by Le id rer 


E* formed by Lewis acid rem 


E* formed by Lewis acid rer 


IE* formed by loss of water fron 


Mowing electrophilic substitution reactions of benzene w ith mec 


nitro group in benzene ring is called nitration of benzene 
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with nitric acid to generate nitronium ion, xs? 
: ae 
ares 50°C ; = 
wo, * HSO, + H20 
NO, intr oro 
ees 
H 
ie 
Benzene 
No, No, 
See Ny piel 
De W800 Se + —-H,S0, 
SPA ri) DAC Arsene 


Exercise Q3 (vl) Explain the following electrophilic substitution reactions of benzene with mechanism. — 
(c) Sulphonation. 


(2) SULFONATION 


The Introduction ofeulphonic acid group In benzene rig\ls called Sulphonation. 


eeteoeah mo 
AO SOH 
Ga Cr + (1480. — o is 5 
heat 
Benzene 4 Jie Benzenesulfonic acid 


© When benzene is heated with fuming Hs 1,80, oF concentrated H,SO. i yieldf be zene § 


d causes si 


© Fuming H,SO,has free sulphur trioxide which is electron deficient (electrophile 


Rese’ 4 WAS OY 


a SO,H 
‘3 + H,0 
I 


Benzenesulfonic acid 


SO,H 


Benzenesulf 


Coege Chemistry: Peder t 
CH 4 16: Hydrocarbons iad] 


Mechanism: 
When sulphuric acid alone is used, the actual elec 


BESO. HsSO, 2 —— 


oy 6 yeas trioxide 


Benzene _ 
asia 50, 
Cre a sos es o + H,S0, 
® 
y $03H 
a Sosthe Hone eee + H,0 


Benzenesulfonic acid 


Exercise Q3 (6) Explain the following electrophilic substitution reactions of benzene with mechan 
(a) Halogenation 


HALOGENATION = 


The introduction of 
Halogenation of be 


halogen in benzene ring Is called halogenation. ees. 
nzene occurs with halogens (X) in the Presence of a ca: 


can 


CH 16: Hydrocarbons i195] 
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Mechanism: 
The actual halogenation agent is X* that is formed by the following mechanism 


xt + Fex, 4 


Xx, + FexX, 
Claret Fact pees Of au FOOT, 


The Cl* being a strong electrophile is ready for successful attack on benzene. 


H ci 
emact ie e 
Electrophile + 


Benzene 
roy > mt 
OF FeCl, we + HCI + FeCl, 
- Chlorobenzene 
Whek alkyl ae treated with chlorine or bromination the presence of su 
are substituted. _ 
pate substituted, 
CH; CH,CI 
+ Ch, sunlight + HCI 
R Toluene Benzyl chloride 
\ CH,CI CHCI, 
+ G1, Sunlight A + er 
SS 
Benzal chloride 
CHCl, CCl, 
light 
+ Ch, ebelta ale + HC 


Benzotrichioride 


AIcl, 


CH3;—CH;—CH,— c/ 
B n-Propyl chionde eK 


CH-—CH,—CH, fechas 


+ Hcl 


Q | 
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RIEDEL-CRAFTS ACYLATION 


0 
he introduction of én igrour R—C n the benzene § wn benzene ting in th 
atalyst AK Ned Friedel raft cA ¢ 
fe) 
S | 
> oi Se es 3 
Net ° AICI 
x ne 
Gi R—C—+x a see 
S 
Benzene 
fe) 
° ass C—CH; 
II le 
CH,—C—¢F Fie MGI 
Mechant sm 
o ° 
\| \ ut Be 
4 AICI, 


R—c—ci * AlCl, - R—C 


Ash 


rts 


arts 


Tor 


CH U6: Hydrocarbons 


jakes place or 


SUBS’ IENT EFFECTS 
(Table of Substituent Effects) anc Making Poly-substituted Benzenes , 


xX 


ortho meta para 


* On chance basis 40% ortho (20% + 20%), 40% meta (20% + 20%) and 20% pia 
disubstituted products are expected. 

* However, the results do not agree with chance substitution ratio. 

Examples 


Ii esitostioroberzene}' the main product of the following halogenation reaction: 


No, No; 
1,80, 
OHNO + H0 
95°C 
NO, 


1,3-Dinitrobenzene 


Sy os 6 - 
(#) On the other hand, a mixture of 2.ch i al ch 
ators’ a ¢hloronitrobenzeie_and! 4.ch| 


Ui 


cl cl 
‘ ad No, 
+ 2HNO, 28. a ES ae 
A 
p 


Q-2-Chloronitrobenzene 4-Chioronitrc 
: es Moy o-Sube trey’ NO, 
Cae Groups alreacly present in théVbenzene ting directs the Second incoming gion 


nzene ring, 2 


is on the nature 2f the first grour 


Sronitrobenzene is obtained fr 
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TING GROUPS Eis Be cee ed 
"These groups release electrons towards the benzene fing, at ortho and para positions Because these position 
b richer in electron for attack of an electrophile. The second group is substituted at ortho and para positions. They 
tecnerally increase the reactivity of benzene ring except halogens. 

sample: 
On 


CH; 


CH; CH; 
NO, 
2 ULQIHNOs ee + + 2H,0 
{30% - 40% | 
4-Ni 
NO. 


2-Nitrotoluene itrotoluene 
The electron releasing effect of methyl groups is significant and it makes the ring a good nucleophile. Due to this 
reased reactivity, more nitro groups can enter the ring. 
CH, H;C 
ON. NO; NO, 
+ 
2.4-Dinitrotoluene 
a 2,6-Dinitrotoluene O.N 
*b 
CHs CH, 
20% No, 
+ 3H,0 
2,4,6-Trinitrotoluene 
NO, (TNT) 
amples (ortho- and para- directing groups) 
-N(CH,)2, -HNH,, -OH, -OR, -OCHs, -Cl, -Br, -I 
= pete’: 
These groups withdraw the electrons of the benzene ring ‘ortho and para positions. Due to the el 


nchdrawing effect of such substituents, the ortho and para position are more electrons deficient than the meta 
sition, Thus the incoming electrophile will prefer to attack on meta position rather than ortho and para positions 
se groups are called meta-directing groups. These groups decrease the chemical reactivity of benzene. 


ae NO; NO, 


mt! 


4 


H,SO, 
OHNO; =e + H,0 


95°C 
NO, 


1,3-Dinitrobenzene 


hitro groups is not possible because nitro group has deactivated the ring 


College Chemistry: F 
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9 is ¢ 7 than any a) 


he electronegativity of the atom of the group attached to the benzene rin 


ease the reactivity of benzene ¢ 


group, the whole group will act as electron repelling) will incre 


entrant to ortho, para positions. On the other hand 


int and it turn withdraw elect 


If the electronegativity of such atom is less, it will be under constr 
making it less reactive and directing the new entrant to meta position 
-xamples = 
(i) -NH, Nitrogen with greater electronegativity from hydrogen. 
(ii) -Cl has no other atom hence will have no danger of pulling electrons. Thus it is electron repellin 


and p-directing group. Hence o- and p-directing 


9 
(iii) to Nitrogen with less electronegativity from O. Hence m-directing . 
(iv) In -SO,H, the electronegativity of oxygen is greater than that of that of S, hence oxygen disturbs s: 


which in turn withdraws electrons from benzene ring hence m-directing. 


Since the position of electrophilic attack on a substituted benzene ring is controlled by the substituent a 


(Present rather than the approaching electrophile, the order of events in the synthesis of polysubstituted benz, 4) ¢ 
need careful planning to ensure success. 
The two factors that need to be monitored are: 

*  regiochemistry (region-selective means position on benzene ring) 


* reactivity (for example Friedel-Crafts reactions are limited to halobenzenes and activated benzenes) 


1, (a) Describe the structure of benzene on the basis of following 
() atomic orbital treatment Page 184 


(i) resonance method Page 186 rier 


(b) Prove that benzene has a cyclic structure. (Exercise Q3 (4): will 
: }: will you prove that benzene has cyclic 
Z Benzene adds three hydrogen molecule-which shows the pre nce of three double 


eee tone be not correspo! ds to any alkene/or alkyne, Hence 
geet ca loreover, the product formed during hydrogenation Is cyclohexan 
The structut 
steed ire was given by KeKule and then confirmed by X-ray analysis. The 
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2, Predict the major products of brominetion of the folle 


2) Toluene 


= 


¢) Bromobenzene 


Beng: 
wh 

le) Benzaldehyde ‘ 
CHO 


) Br, 


Beruaideny de 


phenol 


Fe 


Fe or FeBr 


Fo or Febir 


ing compro 
cH, cH, 
er on, 
+ + 2B 
& j 
br 
NO NO. 
+ HBr 
Br 
id or Br 
Br ‘ 
+ + HBr 
br 
coon 
HBr 
Br 
cHo cHo 
HBr 
ar 
on on ou 
ar 
+ + 2nBe 
b 
on 
Or ar 
| | + 9¢Be 
br 


* 
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CH # 16: Hydrocarbons 


SOME IMPORTANT CONVERSIONS 


(i) Benzene to m-chloronitrobenzene 


(it) Benzene to p-chloronitrobenzene 


Fe or FeCl, oy : 
& cas eben tineal Wes. 2 


cl 

1@) +2 HNO. *24H,0 
LV Nitric acid ; 
Chlorobenzene 
(Ul) Benzene to Benzole acid : 
CH, ; 
+ Ket ‘ 


coon 
KMn0,+OH’ J) c 
+ 30] —— + H,0 
H,0", Heat . 
Toluene Benzoic acid : 


SOCIETY, TECHNOLOGY AND SCIENCE ; 
HYDROCARBONS IMPORTANT AS FUEL FOR FUTURE ENERGY NEEDS OF PAKISTAN 


Ethanol, Natural Gas, Propane, Biodiesel - an alternative fuel bas 


ed on vegetable oils or animal fats, Methanol * 


USES OF HYDROCARBONS . 
(1) Butane is used as a fuel in lighter. 
(2) Butane is also used in same camping stoves 
(8) Crude petroleum is lighter than water. 
(4) Coal is used for the manufacturing of synthetic petrol 
(5) Ethylene is the hormone that causes tomatoes and apples to ripen 
(6) Oxyacetylene torch is used for cutting of metals 
= (7) Methane is used to manufacture urea fertilizer 
(8) Kelcule was the scientist who draw the structure of benzene 
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Compared to other functional groups, alkanes tend to have low melting and boiling points and very low solubility in polar 
solvents such as water, 
+ Alkanes are the simplest organic compounds, comprised of only sp” hybrid 
They have a generic formula of C,H.,.2 
Branched alkanes are more stable than linear alkanes, e.g. 2-me' 
Alkanes react with halogens by a tadical mechanism to give 
propagation and termination. 
© Alkenes are unsaturated hydrocarbons with at least one C=C 
atoms in alkenes are sp2 hybridized. 
Alkenes are very reactive compounds. They undergo electroph 
* Addition of unsymmetrical reagent to an un: 
* Compounds that have the same molecular formula bi 
Constitutional (or structural) isomers differ in the order in which the atoms are connected so they contain different 
functional groups and / or bonding pattems 
¢ Example: 1-propanol, 2-propanol and ethyl methyl ether (C,H.O) 
Stereolsomers contain the same functional groups and differ c 


4 C and H atoms connected by s bonds, 


thylpropane is more stable than n-butane. 
aloalkanes. The 1 


anism consists of three steps, initiation, 


double bond is composed of a 6 and a 7 bond. Carbon 


lic reactions very easily 
mmetrical 


Ikene takes place in accordat 


e with the Markownikov's Rule 
cal structures are called isomers 


in the arrangement of atoms in space 

Conformational isomers (or conformers or rotamers) are stereoisomers produced by rotation about sigma bonds, 
typically rapidly interconnecting at room temperature 

* Configurational isomers are stereoisomers that do not 
least) be separated 

Geometric isomers are configurational isomers that differ in 

(e.g, a double bond) 

Optical isomers are configurational isomers that differ in the 3D relationship of the substituents about one or more atoms 

+ Enantiomers are optical isomers that are non-superimposable mirror 

* Diastereomers are optical isomers that are not enantiomers. 

* Hydrocarbons containing a triple bond are known as alkynes 

© Alkynes undergo addition reactions and two molecules of a reagent are added in 

The decreasing reactivity order of alkanes, alkenes and alkynes are as follows: Alkenes > Alkynes > Alkanes 

. 

. 


eadily interconvert at room temperature and can (in principle at 


spatial position around a bond with restricted rotation 


‘Aromatic hydrocarbons include benzene and all those compouSnds that are stru ted to benzene. 

Aromatic hydrocarbons containing one benzene ring in their molecules are called monocyclic aromatic hydrocarbons. 

Aromatic hydrocarbons containing two or more benzene rings in their molecules are called polycyclic aromatic 

hydrocarbons. 

The electrons in benzene are loosely held and the ring acts as a source of electrons. Hence benzene is readily attacked by 

electrophiles in the presence of a catalyst. 

Since electrophilic substitutions reaction lead to resonance stal 

teaction of benzene. 

Resonance energy of benzene is 152kJ/mole. 

Structure of benzene is the resonance hybrid of two Kekule’s str. 

‘The C,Hs- group is called phenyl 

The dharacteristic reaction type of benzene is electrophilic substitutin 

following diargram 0, ea 

© Groups like NH, NHR, -OR, -SH, -OCOR, -X, -OH ete which 

increase the electron density in the nucleus and facilitate further 


electrophilic substitutions are known as ortho- and para- directing HNO, cHS0, 
groups. eH50, 
Groups like CN,-CHO, NH;, NR, CCl; which hinder further <55°C boil 


ion in the benzene nucleus are known as meta-directing 
A/AIl, 


ves so substitution are the main 


ind three Dewar's structures. 


¢ important substitution reactis are shows on the 


No 
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(i) The molecule of ethane posses which hybridization; 


age bY sp? a (d) sp*d 
(ii) The sp’ hybrid orbitals are oriented in space at one angle; 7 
a) 109.5 b) 180 c) 100° K@B20 
(tii) The geometry of acetylene is. ie 5 
rere b) bent ) trigonal (d) linear 
(io) Sy 
(c) Polymeriza 
(v) The general formula of alkane is 
(a) CH b ) GH, (d) C,H 
“Soda lime is; 
(a) NaOH b 1 Mi f Ne 


‘oxide ( (d)'CaO and NaOt 


The marsh gas Is 


(a) Ethane Cb} Met (d) Butane 
(vill) \ Acidic hydrogens present in 
(gy Acetylene | b)E Benzene (d) Ethene 
(ix) The benzene molecule contains: 
(a) Three double b 2) Two double bonds —(c bond (d);None of these 
(x) The electrophile in\aromatic sulphonation ts; 
(a) H,SO, i b) HSO;, @s0. (d) SO, 
(xt) The conversion of n-hexane into benzene by heating in the presence of Pt is called; 
(a) Isomerization “T6) Aromatization c) Dealkylation (d) Rearrangement 
(xi!) Catalyst used for Friedal Craft's reaction is; 
(a) HNO, toy AICI, c) BeC (4) NaCl 
(xill) Benzene cannot undergs ~~ 
Tp iey = 2) Elimination (b) Substitution (c) Oxidation (d) Addition 
| (xlv) Shape of benzene moleculé is eae Sa 
{a) Pyramidal (b) Liner planar (c) Trigonal ~ ((d) Hexagonal planar 
(9) In which one of the following compounds the benzene ring are isolated; 
‘al (a) Naphthalene (b) Anthracene —(c) Phenanthrene qd) Biphenyl methar 
{a0l) Two compounds have the same composition and also have the same atoms attached to the same «to! 
5 although with different orientations in space. These compounds are 


(a) identical (b) Position isomers 
(xvll) The tsomers of a substance must have 


Wires (a) same chemical properties 


(c) structural isomers _((d)stereoisomers 
{b) same molecular weight 


‘{d) same functional groups 
best considered: 
(b) stereoisomers {c) enantiomers 
to 


(b) rotation ar ingle bond 
¢;_Slzeamctes fotation around a double bond 
bl maleic acid = (c) 1-butene (d) 1,1-dichlor 


(d) diasteromer 
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Fhe Ubiraie Wark Far Siveanis 


aH 


e 


ons 


(eal) A poles 


ald to be ehtral 


(xxtl) Which of the statements Is false regarding chiral compounds 


»h a) rot 


(xxii) Ap optteally active con 


(by wher 
d I 
(xxl) Plane polarized light ts affected by ‘ 
(xxv) It ls possible to distinguish between optical isomers 


} 


ANSWERS TO MULTPLE CHOICE QUESTIONS 
(i) Ans: (a) sp? 1 Aine: SIRs 
: \ 


In ethane, t 
each of them 


(il) Ans: (d) linear | Ww) Ans: (a) reaction of cold dituted alkaline KMsO, | 


Both carbon atoms of acetyle are s 
nee of 


(v) Ans: (a) CH, (vi) Ans: (d) CaO and NaOH. 


The alkanes are sat 
formula is Cyt mee e.g., the form: < 


Methane is found 
ealled marsh gas. 


# 
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e substitution, oxidation and addi 
on reactions are not possible 


in Diphehyl methane, both benzene ring: 
each other 


O-n-0) 


he isomers have same molecular for 
must have same molecular weight as 


ree rotation cannot occur around double bond. 


the 
rotation is restricted 


and geometrical isomerism is resulted. 


(xxi) Ans: 


(c) if it cannOt be superimposed on its 
mirror 


nage = 
By definition, a molecule which has 


mirror image is called a chiral mole 
optical activity, 


Non-superimposable 
cule and it will show 


xxiii) Ans: (b) when in solution rotate 


| polarized light 


'd) by polarimetry 


(xiii) Ans: (a) Elimination 
B mn 


(xv) Ans: (d) Diphenyl methane 
I 8 are isolat 


(xvii) Ans: (b) same molecular weight 
T la. Hence y 


(xix) Ans: (d) restricted rotation around a double 
bond 
Fr 


College Chemistry 


Peder 


H 
(xvi) Ai (d) stereoisomers 


(xviii) Ans: (a) structural isomers 


CH;-CH;-OH 


CHs—O—Ch, 
Ethanol ir 


(xxii) Ans: (b) have cis and tans isomers 


cis- and_trans-isomer 
related to th 
(NoTE 
if it fu 


the follow 


Maleic acid (cis-isomer) Fi id (transis 


chi 


isomerism) 


OH 
chiral carbon 
bie hiral carb 


(xxiv) Ans: (c) chiral molecules 
Chiral molecules are opt 


rotate the plane pol 


(xiv) Ans: (d) Hexagonal planar 


2. 
Pi 


CH 16; Hydrocarbons 


Par 


aS 1. Why carbon is sp" hybridized in the compounds? _ 


6C (ground state) 


SO, only two p-orbitals of C are partial 
tetravalent in most of its compounds. Th 
; empty 2p, orbital. i-e., 


¢C (excited state) 


1] 
2s 


bitals for bond form 


hybridvorbit 
brid orbital 


and three p-or 


am Thus C-atom becomes tetravalent. However, since 
therefore, valency is not equivalent. So, the four orbitals of C are mixed toget! 


er to give four sj 


mule which are used to form bonds with other elements in a te 
chara Hence, to explain the equivalent tetravalency and tetrahed y of carbon atoms in compounds, 
idea of sp*-hybridization is used. 

2. How is pi-bond formed in alkenes and alkynes? > 
na tion in Alkenes Gin 
mein Consider the example of Ethene (Cat) ee 

¢ InC,H,, both carbon atoms show sp*-hybridization. | /\ 
* Thé three sp*-hyrbridized orbitals 9f each carbon atom are used 
(0 form C-C and C-H'0-bonds._} 
¢\Gne_unhybridized 2p,-orbital lof two carbon atoms overlap 
sideways to form a-x-bond: 
ner) 
“al 2 
Pi-bond formation in Alkynes CNECN, 
a in Alkynes aS y 
Consider the example of Ethyne (CzH,) i 
ism @ In CyHs, both carbon atoms show sp-hybridization a 
mic © The two sp-hyrbridized orbitals of each carbon atom are used t 


C-C and C-H o-bonds. 


unhybridized 2p, and 2p, orbitals $f two carbon at 
ATS mm _tiwo-n=bonds- 


‘Geometrical isomerism (also called cis-trans isomerism) results fror 
6r about single bonds in cyclic compounds 


jomerism 


* Presence of double bond or cyclic ring 
© Two different groups must be attached, to each carbon of double bond, or to different carbons of cyclic ring 
a CH: CH 

3 3 


a restriction in rotation about double bond: 


3 1 sf 


i 
CH; H 
trans-2-Butene 


4 CH, 


6i6-1.2-Dimethyleyclopropane trans-t,2-Dimethylcycloprop 


a fee 
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chemically inert? 
e. He 


lue to two 


4. Why alkanes are relativ 
Alkanes are highly uni 
Unreactivity of Alkz 


hese are also called Pa Latin, Parum=little , affins=affinity 


es 
(i) Inertness of bond 
In a o-bond the electrons aré very tightly hel 
Moreover, the electrons present in a o-bo! 
attack on them, Hence Alkanes less reactiv 


between A lot of energy is required to brea} 


jot attack on 


lecttophile, Also’no nucleopl 


(ti) Non-polar Bonds: 
The electronegativity of carbon (2.5) ar 
electrons between C-H and C-C are equal 
such as acids, alkalies, oxidizing a 

Hence, alkanes are chemically 


do not differ appreciably. Therefore, the b 


e non-polar Hence, the ionic 


ane molecules for reaction. 


le alkanes do not why? 


ey undergo electrophilic addition reaction. e.g 


- {y-S. Br__Br 
Alkanes do not havedouble bond They are saturated compounds) so they do not give addition reaction 
4 Instead they give substitution reactions. ¢.g. $$ 
CH, + Cl, > CH,CI + HCI 


} 6. What Is stereoisomerism? 
The isomers having equal number of same types of 


arrangement of atoms in“Space are called ‘stereoisomers and th 
study of such isomers is called stereochemistry. 


is/with identical connectivity, but diff 
e phenomenon is called stereoisomerisr 


It Is of two types 
(a) Geometrical Isomerism or ci.., trans-isomerism: Example 
HyC. CH, 
ot — est 
rat H 


cis-2-Butene 


trans-2-Butene 


ret tn = (hic 


CH, 
()-Lactic acid 
m.p. = 26°C 
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7. How optical isomers arise? 


© An asymmetric molecule has non superimposable mirror image. Such a molecule shows optical activity, It is 
also called a chiral molecule 


+ The optically active compound can exist in two isomeric forms which rotate the plane polarized light in 
opposite directions, These are called Optical Isomers and the phenomenon is known as Optical Isomerism 


«The optical isomers have same atoms and same connectivity of atoms. However, they differ in spatial (3-D) 


arrangement of atoms. 


boriai ample: 
Teage; Mirror 


(+)-Lactic acid (OrLactic acid 
mop. = 26°C mp. = 26°C 


What are conjugated bonds formed? _ 


The word “conjugation” is derived from a Latin word that means "to link together. 


ked together", Thus, 
etc.) 


In organic chemistry, it is used to describe the situatioh that occurs when p-systems are 
an "extended’ p -system exists over a longer series of atoms (e.g C=C-C=C or C=C-C 


a Example: 
fering i 


rism, 


rele eal Ree 
H,C—=CH—CH=CH, 
1,3-Butadiene 


?._Why alkenes are more reactive than alkynes? _ 


* Both alkenes and alkynes contain pi bonds. The electrons of pi-bond are cipened to attack by electrophiles. 
* In alkynes, a triple bond is presen\ Due to high electrons density between carbon atoms, the C=C triple 
“bond is shorter (1.20 A) than the C=C double bond (1.33 A) 


* Due to shorter bond length, #!»4\pi-electrons of a triple bond ar 
towards electrophilic reagents. “~ See 


less exposed jaitd less reactive than alkenes 


10. Justify the given order of reactivity? Alkenes > Alkynes > Alkanes_ zi 
* Inalkanes, only gma bond is present, which is difficult to break. Hendy alkanes are least reactive, 
© Both alkenes and alkynes contain pi bonds. The electrons of pi-bond are exposed to attack by electrophiles. 
© In alkynes, a triple bond is present. Due to high electrons density between carbon atoms, the C=C triple 

bond is shorter (1.20 A) than the C=C double bond (1.33 A). Thus pi-electrons of a triple bond are less 

d and less reactive than alkenes towards electrophilic reagents 

General order of reactivity towards electrophilic reagent is 

2s > Alkynes > Alkanes Ss 

Aliynes are more reactive than alkenes towards nucleophilic reagents 
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Example 
When alcohol are passed over heated alumina, dehydration takes place with the formation of alke 
Al, 0, 
R—CH—CH, >) R—CH=CH, + H,0 
340 - 450°C 
H OH|\. Alkene 


Alcohol 
© Other dehydrating agents used are P,O, H SO;, H;PO, 
© The ease of dehydration of various 


hol > secon 


in the order 


hich are called monomers cor 


m is a process 
together to form larger molecules ces so produced are called polymers 
&_ Ethene polymerizes to polythene at 400 °C ate pressure of 100 atm 


| 100 atm 400% \ 
nH,c—=ch, | 


Ethylene 


+CH;-CHs}- 
traces of O, (0.14 n 


Polyetheylene 


* Good quality of polyethylene is also produced by polymerization of ethene in the presence of aluminiw 
triethyl [Al(C,H.);] and titanium tetrachloride (TiCl,) catalysts. 


13. How will you convert acetylene into benzene? 
When acetylene is passed or copper tube at 300°C, It pol: lymerizes to be: 


ge. Row (208 // 300° — “Sp 
ily roe se / Lexeged 


Benzene 


14, What ts We 
The possibility of different pairing schemes of valence electrons of atom is called resonance” and the dif 

structures thus arranged are called “Resonance Structures”. 

Example: The following different pairing schemes of the fourth valence (the p-electrons) of carbon 

Geers rom in benzene. This gives the following resonating structures of benzene: 


0 B18 


. ee of a molecule increases with i ee in the number of is resonance ae s. T 
. of quite 
¢ The actual structure of benzene is a resonance hybrid of all five structures. 


1 Why 


2. (a) How wif y 


() an ethyl halite 
any 1 
Tb 


eM eH: cH 


(WY) Bheetyotyete of 
Wott are 
‘TH tearetiosey Oe 
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aE He 


(iv) vie-Dihalides 5 sa 5 fec 


Vicinal dihalides have two halogen atoms on adjacent carbon a pagae? agentes aire 
dibromobuane i a vicinal dihalide. When itis treated with Zn in anhydrous : 


acid, it gives 1-butene 


CH 18: Hydro 


1H Br 
CHs—CH,-cH—cH, + Zn (SO \cH,—cH,-CH=CH, 1 2nBr, i 


(er 6 - 
1,2-Dibromobutane 


(b) What products is formed when n-propane undergo followin 


(i) Combustion 
CH, + 50, -» 3CO, + 4H,O + heat 


(ii) Nitration eis i 
n-Propane reacts with-fiftic acid in vapour-phase 
H H : 
| 450°C | 
CHy—CH,-C+ _ Bos NO, + H,0 
c 
H A cADORL Hiv? 
Propane 


1-Nitropropane 


However, under drastic conditions, the molecule of n-propane is broken down and form all poss 
nitroalkanes. 
450°C 
CHs—CH;-CH; Fro HCH CHa-NO2 + Seatac + CHs-CH,-NO, + CH;-NO. 
\ s 


NO2 (b 


a 
3. (a) When ethane reacts with Cl, in UV light the mixture of products is formed. Give the detail of reaction 
with mechanism and all types of products. 
Ethane reacts with Cl, in UV light to give a mixture of products. The reaction occurs by free radical mecha 
This reaction is called radical substitution reaction. The products of the reactions are 


a ct 
UV light | Beart 
CH-CH, + Cl ——— CH-CH-cl + CHs-CH—Ci ‘2 CH;-CH,; 
‘Chibiosthane 4,1-Dichloroethane 4,2-Dichloroethane 
cl ci o ct a1 
+ CHpc—cl + CH—CH, + CHs Kose 
cl cl cl 
4.4,4-Trichloroethane 1.1,2-Trichloroethane —_4,1,1,2-Tetrachiorc 
ct t iy col 
+ CH—-cH + cH—-C—cl 44 cl 
coc hc ~ 
~ 44,2,2-Tetrachloroethane 1.1,1,2,2-Pentachloroethane a 


. GS + CHS-CH>-cH;-cH, 
: n-Butane 


Pare 
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Mechanism: Free Radical Substitution 


aceti i 
Step -1 Laer —- co + cf 
uv 
ropagation steps 


CH;-CH;*+H + c/'| ——> CH,—CH, + HCI 
ened Ethyl free radical 


a pen 


Cle-#cl——» CH;—CH;-Cl + ¢/ 


* These two steps are repeated over and over again. Thus, all hydrogens of ethane are replaced by chlorine 
atoms. The hydrogen atoms are replaced one by one. 


Termination step 


Suey or 
et. 


2" HC—CH, ——» CHy—CH;—CH,—CH, 


opane 


et CH;—CH;-Cl 


Lv 


possible 
oY (oy eect ey! 
NO» : 
(b) A compound when treated with Zn in methanol, the alkene is formed. When alkene is ozonolysed the 
acetaldehyde Is formed as the major product. Explain reactions, give name and structure of the 
on compound. i sore 
= fe CH, OH Ope zhi 
anism. HyC—CH—CH—CH; + Zn —2-— H,C—CH=CH—CH, rs 
2-Butene 
Oo 
HC. cH, CH. 
BEN Secs SSNS A 
—C + 0, Cc C. 
We Ss Paes 
o—o 
cis-2-Butene Sees 
e Oo CH, | 
S# Ve = zn HO. 2.n,C—c—Hn + 2no 
ole Sw Acetaldehyde 
o—o 
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7. Write the structural formulas for the following benzene derivatives 


xgviewe Freeaiad C 


mcvbacive cond ol vivid 


ruthon reactions of benzene with 


b) 1,4-Dichlorobenzene 


" iu 
’ 0. 6 2 
ON g A 2 NO: 
5 3 
Y a q 
i ci 


(a) 2-Methylbennesulphonic ocid  (e) 2-Hydroxybenzole acid 


(c) 4-Nitrophenylamine 


( 
ries -Nitroaniline 


(—p 24 — 


SO.H cont 
ee CH, 
s 3 3 
4 (Salicylic acid) 4 » (a-chloroaniine 
._ Predict the products of the following reactions. 


CN 8 18 Rytracarbons an 


(b) 
i SO,H sow 
a Z cone. 4,80, 
+ conc.) ~ + c 
38 O HNO, (conc) ~—~* (( )| Pr 
— No, 
Benzenesulphonic acid 2-Nitrobenzenesulphonic > 
() ar ae 
CH, COOH 
KMnO, + OH 
+ 6[0J ——+ + 2H,0 
8 Heat, H,O* 
- CH, COOH 
p-xylene ter-Phthalic acid 
(d) s 
NO, No, 
cone. H,SO, 
+ HNO, (conc.) waa + HO 
) 120°C m 
ce NO, No, NO, 
a 1,3-Dinitrobenzene 1,3,5-Trnitrobenzene 
(e) eT VALE Te, 
: CH, 
_ _ CH—CH, 
ne) AIcl, y 
+ CHj;-CH—CH. - | & 
— ets ty Warm [( . Ac! 
Isopropyl chloride S 
Benzene : re sae 
— 
m7 oats 
CH, CH, CH, 
FeBr, | Br L . 
2 + bea + ‘ 
2 Br, coi bak (( )} Ke Her 
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TEST 
9. Name the following benzene derivatives: ~ 
—-- — —— Note 
(a) (b) © 6 as qic 
6 
Br 
5 1 
4 2 
3 
Br Ss 
1,3-Dibromobenzene 
(a) (e) 
Brg A 1 NO, 
4 6 
s 
cl 


3-Bromo-5-chloronitrobenzene 


The decrease in electron density at one position is a molecule, with corresponding increase in elec’. 
density at some other position is called Resonance Effect or Mesomeric Effect. 
Examples Bs 

In delocalized chemical systems, electron density spre it 

e.g, consider the case of Aniline and nitrobe 
4 % 


ne 


Giie Sw M2 a 
e <a) xvii 
_ _—- SL ——s e 
aniline U (s 

Og 08 a Se & ‘a0 Time 

ik “wt NW Sy 
Q2A 
rs ~ tn 
i jC 

nitrobenzene ry _~ = 
Thus, NH, donates electron to the ring while NO, group withdraws electrons from the ring iC 
Following things should be noted. eo 
* Incase ofaniline, the negative charge comes at ortho/para-positions. So, the electrophile will attack at iS 
positions, So, NH, group is an ortho/para director. : 


Moreover, since the electron density is increased on the ring, so it is an activating group 0 

* Incase of nitrobenzene, the positive charge comes at ortho/para-positions. So, the r 

these positions. Rather it will attack on meta-positive. So, NO, group is a metal directo 

Moreover, since the electron density is decreased on the ring, so it is an deactiv. 
‘ly.others can also be explained. 


ng group 


Tine) 20 Minuto 
fore 
ON Cirete thee 


aa, 
' 
Wi Bows 
A. Detecn 
(v) The n 


AL 
(vil) Acetylene 


A.White ppt wir 


(wil) Acidic by 


(ving QWhich « 


(ix) gSEthylene re 

AF 

“ (x) Presence of doutie 
A. Unsaturation 
mm (xi) Addition of HCN hr 


A. Acetylene 


(xii) Which hydrocars 
A Meth 
(nil PfThe product forme 


A.Benzene 
(xiv) Sodalime is 


ctron 


‘A NaOH B.KOH 


(xv) 29Vinly acetylene 


A Poly 
(avi) AMustarad gas is 0 

A gas 
(xvil) To which of the following 


A CH,CH=CHCH, BLCH.CH 


‘Time: 2:35 Hours 


Q2, Attempt any FOURTEEN parts The 
(i) In Ethyne and other terminal 9 

8, Why Lalkynes or Fil 

b, White a renction ty show thve 9 


(IN) Give mectanisny of adaliion of 


(ii), Define Morhowwnitoor's oy 
Complete the following rove 


{9}, Both alkenes aril liye 
HH wall you sitforen 


Car sipoeceton xr 


Nv How ie 2-Rutene prepaced fev 


Briefly explain the difference henwee 


vil) How wil 


Write the 
Wirte the 


mplete the 


@ propene ——= —e? 


b propyne ——= 


Ethane — Ethene — 


x) & Why alker 
What are hest 


nl) & What ts 
Write the 


(xii) a. What is the eff 
b. How many ethene be 
¢  Allkenes usually 


(allt) How does Ethyne res: 
& AglO, / NH,OH 


bxvje. 


b. What is conjustion. 01 
(ev) a Why alkanes are called paralirs” 
bb. Why alkenes are calied olet: 
What is meant by dehydration 


(oed)a How do you convert alleynes into cis end trans alkenes 
What is Boeyers reagent and Beevers text? 


Geile. How will you distinguish between ethane ani! ethyre 
'b. How mustard gos is prepored 
‘¢ _How will you distinguish between I-butyne and 2-butyne by chemical 


(evil) a. What io meant by optical activity? 
‘b What is tautomerism? Give exnnples 


All questions carry equal marks. (2 «13=26) 
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. es 
fay ek 
oe = , 
Q9 = 
0 
1 Hy CH. 
SH: Hy 
/ 
4 
4 H,c—CH, "2 
‘ 4, H,C—=CH, CH,-CH. 
Hee 
cH 
“ i say tH " 
1,50, t ‘i 
s 
Waites u 
We-oH, Celt A 
" \ 


Mer the 
How Awe 
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CHA 16 Hy 


OBJECTIVE 

Time: 20 Minutes Marks: 17 
Note: Over writing, cutting, erasing, using lead pencil will result in loss of marks 
QL. Cirele the correct option i.e. A/B/C/D. Each part carries one mark. 
(0) The conversion of n ~ hex wene by h ne presence of PLis ¢ 

A isomerism B. lation mi 
(Wi) Catalyst used for Friedal craft's reaction i 

A HINO, B. AICI, C BeCl, D. NaCl 
(iii) Benzoie acid forme oxidation of 

A Toluene B. Ethyl benzene C 
(iv) €-C bond length in benzene is 

A134A  B120A C1404 D. 15 
(v) Aromatic compounds burn with sooth flame because 

A. High percentage of hydrogen B. Ring structure 

C. High percentage of carbon D. They resist reaction with 
(vi) Resonance structure of a molecule should have 

A. Same number of paired electrons B. Identical arrang ofa 

C Neatly same energy content D_All of these 
(vii) In which one of the following compounds the benzene rings are isolated 

A Naphthalene B. Anthracene C Phenanthrene —-_D. Diphenyl methane 
(viit) Benzene can not undergo 

A. EI ation B. Substitution C. Oxidation D. A 
(ix) Nitrating agent in nitration of benzene is 

A. HNO, B. NO,” C.NO, t 
(x) Benzene on catalytic oxidation at 500°C with V,O, 

A Benzoic acid B. Maleic anhydride 
(xi) Amongest following, strongest o,p-directing grour 

A-Cl B.-OH f 
xii) The effect of substituent Cl in ek shil ub 

A. o,p-director and deactivating 8 a 

C. m-director and activating D. m-dire } 
(xili) The aromatic ring can be hydrogenated by  catal 

ALPt B. Pd C Rh DN 
(xiv) Which xylene gives only one monobr. derivative 

A. Para B. Me Oni nN 


(xv) Benzene is prepared from cy 
A Hydrogenation B. Dehydration 
(xvi) In which one of the following co 
A Toluene B, Nitrobenzene ¢ 
(xvii) Shape of benzene me 
A Pyramidal B. Linear Plane Cm 


ohexane by 


D. Phe 


D. hexagonal Planar 


SUBJECTIVE 
Time; 2:35 Hours Total Marks Secti 


1 Band 
? Section ~B (Marks 42) (14 « 3 » 42 
Q2. Attempt any FOURTEEN parts, The answer to each part should not exceed 5 to ¢ 


(i) The carbon-carbon bond length in Benzene is different {1 
8, Which compound contains the longer bond! 
b, Give reason for your answer 


{Aromatic compounds undergo Bectrophilic Subst: 
© Baeplain why Nitraion of Toluene is easier than 1 
How wouk! you convert Toluene inte T 
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F 


ee 
ne 
ne 
ne 


221) 


ion towards the ai 


bonds are of equal length in benzene’ 


ns, which shows that benzene is a saturated compound. 


Beraere usually undergoes electr 


n benzene react with Cl, is the presence c 


15 


1¢ oxidation of toluene and et 


benzene 
pphiles? 


wan benwene towards ele 


Give general mech 


en of electrophilic substi 
What ore Friedal and Craft reactions” 

Write dawn IUPAC na 
Wh, Dewnar structures 


p of berwene 


¢ of o-rylene and p-xylene? 
of benzene are considered as unstable? 


How beraere is obtained from A acetylene 
Give all possible isorners of xy 


1B n-hexane 


Justify the given order of reactivity Alkenes » Benzene > Alkane 


‘What information was obtained from X-ray analysis of benzene 


What are nolated and fused 
‘What is Robison structure of berzen 


olycyclic hydrocarbons? Give example 


whe. (2 


a 2 that berwernve has cycle ot 
6. Explain the structure of berizene according to A al heatinent 
& Why berwane is stoble compounds? Explain with fot 
4, How will you prepare benzene tron? 
(i) Alkanes i) Phenol (Wi) Salf of Venurie wer 
a Explain the following electrophilic substitution marti of Tr 


() Halogenation (ui) Sulp 

Drew the structural formulas for the f 

(i) p-Chlrobenzoe acid (3) Die 

(ii) poDiberays benzene (hv) Hensel 
Name four meta-divectinyy qroure 


What products are formed when benzene reacts wally 
(i) Bry in presence of sunlight () Oy 
Explain that how ortho avd 1 

Define Resonance. Draw all the y aevcture 
What structure would you sage present 


philic substitution reaction and not addition re 


uth with the help of example 


acti 


| structure of benzene? 


n, why? 


toluene while nitration of nitrobenzene gives Mm 


26) 
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initro benzene. Explain 
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CHAPTER # 17 re 
ALKYL HALIDES 3 
AND AMINES 2 R 


ALKYL HALIDE 


INTRODUCTION 
Alkyl halides are the compounds in which 


ispecies: af A = 
halogen atom, They ore also knoun as helogen de 
molecule Mc 
H x X 
H Cc x H Cc-—X H—-C-——X 
H H x 

Ic IFICATION OF ALKYL HALIDES} 

Alkyl halides a . 
( Primary Alkyl Holides 

Alkyl halide in which halogen atom is attached with primary carbor 

A primary C-atom Is attached to one or no carbon etom Is d @ primary C 

R—CH;-X CH;-Cl CH;-CH;-C! CH;-CH 

Methy! chionde t 
(i) Secondary Alkyl Holides 
halide in which halogen atom is attached with a se : s called s. 
halide. A Secondary C-atom is attached to two C-atoms » he s led @ sec 
R fac \ : 
| < 
R—CH—X CHCl} \ H,C—CH—CH-—CH 
/ C1 


Tertiary Alky! Halides; 
Alkyl halides, in which halogen atom is attached to « tertiary curbs 
C-atom fs attached to three C-atoms simultane. pushy is ¢ 
R 
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Common System of Naming 
Eeomples 
CHr-C CHe-CHr-C He-CHeCH. H—CH—Cl 
Mae L 
H 
Cly-CHy-CHe-CHy CH-CH--CH—Cl ee er v , 
CH cH ie 
MM) TUPAC System of naming 
a . 
(2) Pretix 
(3) ¥ ‘i 
CH " é 
3 CHeCH-—CH CH CH ’ : Hee CH pet CH 
opane cH 4 
Br 
CH, cl 
TEP eee Sea} Aas : 
CHy-CHy-CHCHy CH CH 
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CH #17: Alkyt Halides and Amines i224} ast om 
MORE PRACTICE 


7 6 s 4 3 2 1 
NRO er ater CH;-CH;-CH—CH—CH—CH;-CH, 
CH;-CH—CH—CH—CH, 
CH, CH, Cl 
Br CH, Cl 


2-Bromo-4-chloro-3-methylpentane CH; 


3-Chloro-5-ethy!-4-methy!heptane 


Br cI 
¥ 6 5 4 3 2 1 1 ! 3 4 5 
CHs-CHz-CH—CH—CH—CH—CH, CH;-C-—CH;-C—CH, 
Br CH, CH, CH, Br cl 


5-Bromo-2,3,4-trimethylheptane 2,2-Dibromo-4,4-dichloropentane 


¢I 
z 6 5 4 3 2 1 
CHy-CHy-GH—CH,-C—CH—CH, ie CleaGl 
1 2 3 
Ir Cl CH, wer 
S-Bromo8,2 cichloro-2-methythept: 
0 loro-2-methylheptane dogiaa 


1,1,1-Tritromo-2,3-dichloro-2,3,3-triiodopropane 


1 
CH, CH. 
H; 5 eens 


2 3 
—C—_ 1 2 3 4 5 6 
eer yc: | Cle f ces CH;-CH—CH>-CH—CH,-CH 
MCh CH, CH, | cree F 


5 -( 2-1 ne 
2-Chio'6-2,3,3-timethylpentane CH, 4-Chloro-2-methylhexane 


1 2 3 4 5 6 7 
CHs-CH>-CH—CH—CH—CH;-CH, 
CH, CH, I 


CH, 


‘J 
DEthy!-5-iodo-4-methyiheptane 
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(CH 417 Aly Haldes and Amines 
ne Ree OE eg 
CHs-CH—CH;-CH—CH, 


CH, cl 
2-Chioro-4-methylpentane 


Cah St eae aes ae 
CHs-CH;-CH—CH;-CH—CH, 
CH;-CH, cl 


2-Chloro-4-ethylhexane 


2-Bromopropane 


Br 
Br-—-C—Br. 


Br 
Tetrabromomethane 


ClI—CH;-Cl 
Dichloromethane 


ff 
5 4 3 2 1 
CH;-CH—CH;-C—CH, 


CH; cl 
2-Chioro-2,4-dimethyipentane 


CH, 


CH. 
t? 


5 4 3 2 1 
CH;-CH;-C—CH;-CH, 
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Silane i err 
CH, Br 
3-Bromo-4-methyihexane 
f 
atpiaees 
io ia 
CH, 
4-Chloro-2,2-dimethylpropane 
Pg eye eee hae) 6 
Sor CH, 
Ch, qr 
CH, 
4-Ethyl-2-methylpentane 
Bron 
ian i 
Br Br 
4,2-Dibromoethane 
‘ 


Weg eae wee 

CH;-C—CH>-CH;Br 
CH, 

1-Bromo-3,3-dimethylbutane 
CH, CHy 

43 pagar 

CH;-C-—C—CH, 


ci Cl 


2,3-Dichloro-2,3-dimethylbutane 


Exercise Q3 (i) Discuss reactivity of alkyl halides. 
| ~ “There are two main factors which control the reactivity of alkyl halides. 


CH 817: Alkyl Halidex and Amines 226) 


PHYSICAL PROPERTIES} 


The alkyl halides contain a polar bond. Thus, it has higher melting points 2 


* The alkyl halide functional group consists of an sp?-hybridized C atom bonded alog 
a-bond 


* The carbon halogen bonds are polar due to the electronegativity and polarizability of the h 


PREPARATIONS OF ALKYL HALIDES 


Exercise Q3 (ii) Give three methods for the preparation of alkyl halides. 


(1) Reaction of Alcohols with Hydrogen Halidest 


Alcohols nay be converted to the corresponding alkyl halidesyby thelaction of ha 
off2nChyjas a catalyst 


ZnCl. 
CHs-CH.OH + H3—-xX — — CHy-CH,-X + H,0 
(2) Reaction of Alcohols with other Halogenating agents (SOCI,, PX, 


(a) Alcohols react with thionyl chloride In pyridine as a solvent to give alkyl chiondes> 


This is the best method becauseHCI and SO, are gases which escap¢ out leaving behind the pure produ 


Byridine ¢ 
a 


ae 
R—OH * (soci, R—Gr +€s0, # He) > 


= —~ 
(H) Phosphorous trihalides by phosphorous pentahalides jeact with alcohols to fromvalky halides 


SCH-CH-OH + PBr, ——» 3 CH;-CH;-Br + 45P oO, 


CH-CH;-OH + Pci, 


CH-CH;—-C/ + POCI, + HC) 


¢ Alkanes react with chlorine or bromine to give alky halides. 
* This reaction takes place in the.presence of diffused sunlight or ultraviolet light 
cae > hy 
CH-CHE + cy, ——+ 


Wage CHrCHrer + Hel 
NOTE: 


® This method does not give pure alkyl halides. Halogen derivatives containing two or me 
atoms are also formed along with alkyl halides. aos 


The detail mechanism of this reaction has already been discussed in C chapter # 16 (Radical Substituti 


Bond polarity of C-X bond 
9 Tb pain energy of CX bond 


CH 17: Alyt Males and Amines 227] Federat Bsa: Purr 
1. Bond Polarity 
«The molecule of alley! halide is polariz electrone { halogens as compared to ¢ 
‘Atom Electronegativity Atom __Electronegativity 
F 4.0 1 25 
a 3.0 H 21 
Br 2 c 25 | 
[Br__| 3 ze cap 
oe ls+ 8 
. 


Hence carbon acquires partial pos 


*< Halogen becomes nucleo 


*y The polarity order is RF>R 


2. Bond Energy 
* Experiments have shown that the 


which decides the 


reactivity of alky halides, and not the 
* A study of bond energies of (-X bond st t C-F bond is the strongest.)So the overall order of 
reactivity of alkyl halides is: See Oe) 
R-iodide > Rl bromide > R-chloride > R. x 


Xs 
« Ip. fact the S F bond is so strongthat al ry 


A variety of picesriies can be used to generate @ range of new fu 
The following diagram reflects some of the more important n 
For practice, make sure you can draw the mechanisms that lead to 


1y may encounter 
. eke products. 


Reactions Summary 


R-OR 
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E = — ot 
{i IMPORTANT DEFINITIONS 
Electrophile 


Specie in search of negative charge is called an electrophile 


Examples 
NO,” , Br* , CH,* etc, 


Nucleophile 


Specie in search of positive charge is called a nucleophile 


OR A nucleophile is electron rich species that will react with an electron Poor species 
It has a lone pair of electrons available for bonding or has negative charge 


Examples 

HO-= Hydroxide ion __TNH= Amino group _ 
CH,O- Ethoxide ion Gries 

HS- Hydrogen Sulphide ion _| Br= = Ke 

SCN= ahiscpenatelion Mates | NEgeeeertare. i] 

| H,0 Water 


Substitution Reaction 


A substitution 1s the reaction in which one group replaces another. 


ee 


hile replaces another atom or a group of atom already present 
titution reactions. 


Bo 
cron rich species, the nucleophile, reacts at an electrophilic C atom attached | 
the leaving group, which is replaced 


In these reactions, an ele 
electronegative group, 


7——C—Nu + Lo" 
product leaving group 


* The electrophilic C is Present in the polar sigma bond due to the presence of an electro: 
substituent (e.g.. C-Cl, C-Br, C-I and C-O) 


Nucleophilic substitution reactions allow the interconversion of functional groups 


1. 
2 


Depending on the relative timing of these events, two different mechanisms are possible char 
as Fitstld bond breaks then new bond is formed:) S41 reaction i 


ee 


www.topstudyworld.com 
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The ton withdrivalent carbon and have positive charge on carbon atom is called a carbocation 


Stability: ; ‘ 
‘* The general stability order of simple alkyl ca ns js: (most stable) 3° > 2° > 1° > methyl (least 
stable) 
CH, CH, H, H 
+ > + > + > + 
c Cc. c c 
H,c~ cH, HC~ TH HoH pone 
x 2 1 methyl 


of” This is because(aligj groups are we 
So, due to electrén donating effect, t 

* Since, tertiary carbocation has more alkyl groups’atta 
stabilized than secondary carbocation and so on. 


erconjugation and inductive effects. 


car 


atom. 


hed to tl carbon atom, so, it will be more 


Resonance effects can further stabilize carbocations when present. (For Resonance Effect see page 215) 


The conjugation of c - electrons of a C - H bond with p - electrons of the unsaturated system or with 
B= orbital Js called hyperconjugation. 


Examples: 
C-H bond and Double bond are in 
Conjugation called hyperconjugation 
H 


a 
H—C—CH==Ch, 


tive H 
(alkene) (carbocation) 


i 


~The polarization of a bond induced by an adjacent polar bond is known as the Inductive Effect. 
ee BT & 
H 392-CH 2c! 
chloride) the more electronegative chlorine atom pulls shared electron towards isc 


ets 8¢ charge. The C-1 in turns pulls electrons from C-2. Thus C-2 also get 
6n C-2’is less than C-1 because pull decreases along the chain 


slight 65° charge 


REACTIONS INVOLVING CARBOCATIONS} 


4 


JUCLEOPHILES AND BASH 


It ls species rich in electron and has an unshared pair 


for bonding. 


] nucleophile 
droge bas 

HO” 4 CHOCH: Br + CHSCHeBr + Br tution Rea 

Nuclece 4 
“ 
eae 

HO” 4 CHeCHs-Br - + HO + Br" Elimination Rea 

Base 4 
SUBSTRATE AND LEAVING GROU} 
SUBSTRATE MOLECULE i 

The olkyl halide molecule on which o nucleophile ottacks is culled substrate molecu is 


LEAVING GROUP (LG) 
Leaving group Is also a nucleophite. It I 
Se The incoming nu: 


\ Good Leaving Groups are ©) Si , 8 Paty 
mea < Pa 
* Poor leaving groups are OFF OR and N 2 
ns My wet 
*  ladide ton isa good nuctesp 


a es 
= ma OF 


— bf, Ne 
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+) Foe ecu Dopae thie ta wes 5, 
“ 
Poor 
Very P 
' Bor 
GO 
r —ch, - R + H, 
Ady presveremseronate cr Ay) tonulate cr OTS 


Exercise Q3 (itl) Explain in detail Sa ond S.2 reactions sith 


IS. MECH: 


It Is substitution nucleophilic unimolecular 


EXPLANATION: 


a ee ee a ll ee 


(2) Stereochemical Evidenes 
© Exper 
Th 


acon YS 


+ However, Partial Racemization gen: 
‘9 7 Consider the case of unstable 
¥ Hence, the side of carbon ator 
of nucleophile. 

¥ Thus, the atta 


reg: hes 
Aenesat® — 
Rarer Mediate, 


Siege! Sprit | 


<\ecAwpn ie 
AB Yotnd: 
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It Is substitution nucleophilic bimolecular reaction. It occurs In one step 


Example 
A 
- = bt / 5 
Nu + CH>-X - CH;-Nu * x 
copie 
Mechoniowt 
© The attagk of nucleophile 1 departure of 
single step, 
4 
4 
| | 
—= | Nu--6---—-x - c 2h 
aX Nu OH ea 08 
yee H 
f* Thereaction occurs in one step, so It isthe rie det ; : 
“oC and bond making processes occur y eat | 
[+ Since wo moles 
4 bimolecular nucleophi 
/IDENCES FOR 5,2 MECHANII 
(1) Kinette Evidence 
+The rate of an S42 reaction depends upon the ‘ 
of alky halide. 
ral - 
Num 4 + x 
{ més 
Rate = [Nuj[R-X] 
ee os (3 
HO” 4 CH-Br - CH;-OH + Br 
uceopnie 
ithe 2" This means that the rate of reaction will be double if th r bled e.g. 
the rate of following reaction increases conc. of ihe 
2 Pa) Stereochemical Evidence 
* Abimolecular nucleophilic substitution always occurs 2 


* The carbon atom in transition state is sp 
leaving groups are present in the transition siaig on oppesile 
(ohana anaition sate 


Exercise Q3 (Ww) What are f-elimination reactions? Explain them with detail 


Ex 
1.2 ELIMINATION REACTIONS (BELIMINATION REACTIONS) 
The chemical reaction In which two groups are eliminated slthout being replaced from emma . 
Stinination reaction. When j-hydrogen Is ellminated, t te called Prelimincton section ce yan 
reactlon 
Explanation: 
+ ( B:hydrogen atom in alkyl halides} 4 of haloge 
Fs 
im 
‘eee x" Ste 
a) 
O ae 
* The attacking nucleophile can a product or @i-hyc 
elimination reaction 
5+ 
Sew} Sine 
£ ol uni 
ee —- Nu + x 
el yoo (Elmina 
HOH H 4 oy 
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a 
Seep ete 
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(CH 17 Alt Hates and Amines 


CH, 


CH;-C—cH—cH, 


CH; Br CH, 
CH, G* 
CHs-C—CH—CcH, ~——= CH C—CA—CH, —> 


CH, CH; 


It ts bimolecular one step elimination reaction 
Example: 


Consider the reaction, 


B: + R—CH—CH>-X BH + R—CH=CH, 


+ x" 


Mechanism: £ 


*  Itisa one-step reaction. 2 


The attacking base removes a proton from the B-carbon simu 
between C, and C; and the loss of halide ions, 
: 
Sas 
B+ See —_— 
x= 
k 


neously with the formation of doub| 


Qlorrers Ht 
. This'is rate determining step because bond ‘breaking and bond making processes are tal 
© Sige ftho molecules are undergoing a change in transition state, i s a one- step bimolec. 
EVIDENCES FOR E2 MECHANISM z = 


(2) Kinetic Evidence — ee 
* The E2is a one-step proces in which b 
Jaw of the E2-reaction is 
Rate = k (Substrate}[Base] 


and the base e.g.. for 


~~ HOW + H.c=cH, + « 
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SUBSTI 
‘The substitution and 
between them be 


reaction In the subst 


‘© Energetically substitution 


© Elimination oc 
require this condition 


only 


Following factors help to compare th 


WIRE) Structure of Substrate] 
© Crowding within the aubstrote jocors elimination over substitution. 


: However, the Glimination is fi jecause the rem rom by base from tertiary planar 
carbocation |: easy ae 
+ {ICH ONe 
CHs-CH;-S(CH,), - CH;-CH-OC,H, + Hy 
HoH 3 
——_$_— 
ie cH; 
(CH—S(CH;), ‘CH—OC,H, + CH;-CH=CH; 
one CH, 39 imination=61 
Remember! 5 (CH): group i remove below thi ] 
pam. | 3 
CHs-CH;-S(CH,), CHy-CHs-OC.H, + S\-H,); 
=CH, 
g base, e.g., HO" RO™ et yminant reaction is E2, The S,2 
reaction is aside reaction. ———e —_= 
However, when the nucleophile is d weak b etc, The main reaction will bd Sy2 The E2 
ae ill be ¢ minor side reaction ‘ae 
ction. 


{a 
zs) tll 


—H + CH,COOT ——~ 
| Weak base 


hie 


17 Ay Mata p33 ( euciesesnaioncale 


(iii) The natute o| jing Grou 
© Therol Sroupe in Elmioation as i¢ ilar tp that in substitution teadtion 
, the n 
group, e.g . 
CH,),COH () 
MOyHa—CH-CHE-X + (CH,),COK ——> mC Hr -CH==CH, + mCyHgs—CHy-CHy OC (ch 
X =Br fe: 
X =oTs ’ 99% 
Remember 
cade H—¢—ON or(Ch,),COH CH=E—oK or 
(S40 pony th en, N 
| Pcs oi a 
Iie) Nature of Solvent 
Thus, Alcoholic KOH affects elimination w ar aqui {is used for substitution 
(Ellis Gored Infpola scene te So reer 
+ Inthon-pota the reaction will follow E2-mechans 
| [o) Effect of Temperature (s 
‘An inerease in temperature - stitution 
Iris because . 1 ed to eliminations, e.g 
CH-CH—CH, + N20H ——* — CH-CH=CH, + — CH>-CH-CH;- oH 
atastc 53% 47% 
oF ALtor"S gay 28 ‘ 
@ CK QUIT ~ emer se 
Monohaloatkanes are called alky!h eral fon 
These may classified as primary, secondary or tertiary all haliciee ‘ 
(2) What oe primary, secondary and teriiary carbons oiome 
6) primer) €-ctom is atioched to one or no carbon atom is called a primary C-otom, 
eg. CHs-Ccl CH;-CH;-cl ri 
Methy! chionde Ethyl chiocge 
Beppe Sessiidary Glow Ke etched to xo C-ctoms simuitoneously calle o sec 
CH; 
pia CHS-CH—cH>-cH, 
P3i3 : CH, 2-Chloropropane Cl 2-Chiorodutane 
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+ Atertiary C-atom is attached to three C-oto 


ns simultaneously is called a tertiary C-atom, 
CH, 


ey cH;—C—Cl 
GH, 2Chor-2-methyeropane 
3) What Is carbonium ion 


Wiembocation is a reaction intermediate. tis valent with a postive charge on carbon atom. It can be 
produced as follows 


# EX 
NALS 3a 
/ 

H 


(o— (ota — HCC" + 
o Hx c x 
H 


NOTE: Carbonium fon isan old term. I sno longer In use. The current tern for such species is carbocation 


(4) What oing aroup 
Leaving gro) is a\nucleophile that leaves during subst 
electrons. 
«The incoming nucleophile must be stronger than the le 
* Good Leaving Groups are: Cl, Br, 1 HSOx 
‘Poor leaving groups are OH, OR and NH" 
Tolide ion is a.good nucleophile os well as a good leaving aroun 
(6) Wh jybridization 
Fhe process of mixing ones orbital ond three p orbtals 10 frm (our ret uivo 
called sp" hybridization. 
Tene vaio of s and p character in each sp? hybrid orbitals 13 Thus, each sp'-hytbrid orbital has 25% 
echaracter and 75% p-character 
12g, In CH, carbon atom undergoes sp" hybridization 


tion with(an unshared pair of 


wing group. 


sp? hybrid orbitals is 


1 Define bond polarity - 


‘The property of shared pair of ele 
He 


‘eg. the bond between H and Clin HC! 


apolar bond, 


@ Define bond eneray = rates 
Define bo of enerdh required 1 break one mote ofr olecule is 


fog. th» 2H AH = 439 bimmol. Thus. ond energy of H-H bond is 435 k/mol 


4 bond energy 


What eo nucleophile? Secon 
‘A Species in search of positive charge is cal. nucleon 


Or It “h inelectron.end has \unshared pair of electrons \available for bonding 
It may be hegatively charged yutraly 
— i [Figdroxide ion NE, _[ Ammonia 
[ees0= | Ethoxide ion 1,0 _| Water 
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Remer 
Methyl 


. a8 A—8 [REAC 


Briefs 
A as A—8 


R 


vedure 


& 8+ 
R—Mg-X 


CH Mg—Br 


Ta;esum bomice 


(Ally bromides ase in the preparation Grgnard's reagents because of intermediate reactivity 
© When na Teactiy halides are used, the high boiling solvent such ag fetahydrofuran}s employed. I 
because reflux 


* When less reactiv 
¢ Allyl magnesiuin h 


aot coated but are used as ethereal avers. 4 
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I halides are used 


eat Als lide om Amines am 


‘Organometallic ompoundyare nucleophis because ofan 
Py aver 
eB. Sie 

‘Carbon atom being more electronegative that metals such as Mg, 


partial negative charge. Thus {organometallic compounds act 


Sars A 5, 
CH, ~ Mg Br, _ ft 
1 


# The following reactiory supports the nucleophilic character of organic wet 


| Pe ea y- PEt 
oy CHy-CHy—Mg—Br + 2% CH—cH, + Mg 
; Ethyl magnesium bromige ; ¢ 


yember! Abbreviations for common AlkyliAryl groups. These are to be used in ne 
thyl (Me), Ethyl (Et), n-Propyl (n-Pr), isopropyl (Iso-Pr), Pheny! (Ph) et 


g 
8  ——EE 


R'CH,OH 
alkyl, vinyl, aryl 2 
HROH 
X=Cl,Br,! Roun 
Rx 
Ico 
Mg Xether RGHO be: 
Ri 
Ra 

Sg or acidic H i 

po) ~ 

ZN merey, 


RICH, CH,OH 


Typical work-up for these reactions: 
1. Dilute aqueous acid or 
2, Aqueous ammonium chloride 
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(CH8 1 Ay Hales ant imines : 
|(1) With Aldehydes and Ketones - 
This is done to produce primary, secondary and tertiary alcohols. ; 


These reactions are carried in the) followed by{acidic hydrolysis (i.e. H40"). 


Classification of Monhydrie Alcohols a ti 
The lochols containing only one hydroxyl group (OH) are called monohydric alcohols. 
Monohydrie alcohols)are classified into the three types.! 
Primary alcohols = s 
W) Secondary alcohols 
(it) Tertiary alcohols F 
ith Mee dehyde) to form primar¥ alcohol 
ne : a 
by, Mg-B c= sine, CH, : 
I~ r+ 60 20 cH,-C—O 
Tea T 


H 


/ 
CHs-C—OH + My: 


HY 
4 H H 
(Formaldehyde } Ehanol 
ces (a primary alcoho!) 


e 
3 CH, 
-H Ue 
HOT cH-c—on + my 
Ht 
4 ( 
2-Propanol 


(a secondary alcoho!) 


CH, 
eat 
7) ow + Mg 
CH) \ 
2-Methyl-2>propanol i 


{attertiary alcohol) 


: Feactve than the este 

th acon camo be sed forthe prepeanen oe cannot be stopped at the ketone stage. H! 
; 
| 
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an A at ont aE 
p Reoetion type tx Nucleophillc Acyl Substicution 


1 
The sucleophdic C 
the exer. E mes 


cH, ee 
~ CH-C=0 + mg 
Oct 
‘ bromide 
The nucleophilic C in the 
tone, Electrons trom th F 
———___ 
ses th 
cH 
‘4 Br 
; 


-H 
a Ce OHEY Omg! 


CH. OH 


CH 17 Aly Hales and Amines an eeaticceeferlettaly 


(_ () What are Organometallic Compounds? Yand dmetal a, % 
= a : wn of,Srganic compounst and metal a 
The compounds containingjat least one bo 
are called organometallic compounds 
Examples: Grignard’s reagent. e.g. HC 


Alkyl Lithium compounds, e.g. H3C= Li 


/~ (@) Define protonation 
The addition of « proton (H") to an atom, molecule, or an ion, forming 


Examp! pt 


led protonati 


its conjugate acid is 


CH>-CHyo CHs-CH; 
| 


H 


(8/What te formate of Organolithium? 


The general formula of organolithium compounds is R-Li, where R is an alkyl group or Ar-Li, where Ar i 
‘aromatic group, 
Examples: Methyl lithium, HC Li: Phenyl lithium, Ph = Li 


Sabian 


(4) How does R-Mg-X reacts with CO, 
‘Solved on Page 232 above 


(5) Write the formula of Grignard’s reagent. 
‘The general formula of Grignard’s reagent is R~ Mg -X. where, R is an alkyl group and X is a halogen ato 
Examples: Methyl magnesium chloride, HyC - Mg ~ Cl: Ethyl magnesium bromide, HyC ~C Hy -Mg ~ Br 


Q3 (vil) What are 


9? Give Its nomenclature. 


The organic compounds containing NH, functional groups ore called amines. 


CH;-CH;-NH, CHS-(CH,)—cH—1 1 
be NH, HKC—cH—icn) 
Ethyl amine ss tt " (CH,)s—NH, 
sec-Hexyl 
P en, CH, Isohexyl amine | 
CH. 
3 nk XY NY Faas 
Pa NH ’ 
~ ch, nN ect 
\ et Dimethy ee \ CH, Trimethy! amine 


(a tertiary amine) 


pst A ae at Ae 


pote Amines 
‘aniline, CoHyNH, contain a 
ubauted In -NH. its name is represen 


Hratom and not o 


UN, 


| 
Naming Amin. ™ wt 
pic 
' 
( 
q 


‘Select the longest continuous carb 
‘The amino group is indicated by a prefix-arino fe ‘ 
+ Number the carbon at 
+The position of ami 
+ Ifmore than one amino 


grou 


i, tr, 


Adlksn@ 
jaXwanamine’  CHs-NH, 


gceenE = Aminomethane 
A= atnaniew 
Secondary and Tertiary amines 
'® Secondary and tertiary amines are nas 
alkyl group except the largest alkyl group (eg. di 
Wo ons cH. 2 


0 et NL=N -clielly | 


CHs-CH;-NH GHpCHeCHeCHENS | N-N~ eins ley 


Nemewyi-\GH" ™" ‘Dimethylamincbutane CH, aA 


Primary amines : | 
z VL AReere st Anette =\-Pr Pan am) 
Sars cH cH. 
ay F 
EES Tot ae ae | Oe 
CHs-CH;-CH;-NH; CH;-C—CH, CHs-CH—CH—CH—CH;-CH, 
‘Amino propane | | 
5 NH, NH, CH, 
ee be ‘2-Amino-2-methylpropane 3-Amino-2,4-dimethylhexane 
weQ 


Sern Wve 
athe 


Sat Zebu tan amine 
aoe 


4 cae 
Vamine> ? & 


Qi aniDe 


cH 


CH;-CH—CH—CH>-CH, 


NH, 


Secodary and Tertiary amines 
cH, CH. CH, 
CHp-CHr-CH-N CHE CHECHEN, ¢ Chen 
Boe Maneomrnes On Baar 
ye “ ! 
cH, 
CHr-CH, ! 5 - 
Gh GH-CH-N Chis CH GH—CHr-CHr CHr-CH 
\ N 
‘CHe-cH, 5 
1-Day tminopropsne ch, “CH, 


+ The polar 
formation 
© Thus, amines have 


Ne two atoms) results 
ing systems (e.g. water 


tao th 


and boiling p 


high solubility in aqueous m 
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Inamines, nitrogen atom is sp"hybridined and has neadl 
4 Itforms three sigma bonds with its 
caries a pair electron 


three sp"-hybrid orbitels-white The fourth non-bonding sp*-hybrid 


9 


N. 
aa — SR, 


Optically active 


t 


‘+The non-bonding electron pair is extremely is the chemical behavior of amines, It is 
bbecauseit is responsible for the basic and nucleophilic properties of these compounds 
+ An amine with three different groups is optically active 


2.0) a = Saas Ve 
Amine may. act as bases tov ‘towards acids and as ‘Nudeophiles towards, electrophile. 


+ \They are more basic than aleohols and’ ethers ang! they are also more nucleophilic 
‘.g., ether does not react whereas atthe same temperature amines gives addition product with Cy. 


ant in explainin 


1) ALKYLATION OF AMMONIA BY ALKYL HALIDES] 
+ The general reaction is 


R—X + 2NH, —> (R—NH) +( WH 
+ When ancéléoholic or aqueous solutom\of ammonia i Peated wih an @liyl halve, @ mixture of prim 


sec-, ter- amines and &quatemary ammonium satis obtained. 


The reaction occurs with nucleophilic displacemen(of hal hacen ofa 
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(CHA 17 Aly Hales ad Amines 
17 Aly Halder amd g reactions 


es by the following " 
* This reaction is further allylation, e.g., accompanies by th 


Xs. ey HI 

CHy-1 +( NH) ——» CHs-NH, + 
re Ethyl amine 

(a primary amine) 


HI 
(CH ut, — C,H;-NH—C,H, + 
cited a be e Dity amine 

(a secondary amine) 


—= eal rate ge + HI 
C,H, 


Triethyl amine 
{atertiary amine) 


+ 
Nd Ni CH 


Cet + Ca ie ee CHEN, i 
a 
CiHs CHs 


Quaternary ethy! ammonium iodide 
—_fasait) 


+ Atthe end ofthe reaction, alton orn alkali such as KOFiberates free amin 
the quaternary salt salt is unaffected, ERNST een 
+ Thefhree amine? are separated by fractional dstilation, 


* Over alkylation can be avoided by using excess of ammonia but the yield is low. 
~~ o> ei 


PRY S cor aryl nitriles SN amines. Ms 


The reduction may be brought aboui by LIAIH, or sodium in ethanol> EG 
* Ceti hydrogenation wih RAO, Pror Raney rickel may also be employed to get primary 3" 


elm a 
eae A pee Sais Neat Oh im anv) 
¢\- fee ? eat ( Cx. 
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aA TT Aly Hales ae Anes 


OF NITRO COMPOUNDS} 
The general reactio 


" 
Fe+t.s0, i 
A \\ NO H.N- (A \ NH, + \\) < 
fH] — 
4-Nitroaniline f 
+ The amides can be reuduce to-amines by reducing agents 
oF 7S wo \ 4 
ce + LAH, —— a aa 
R~ NH, R° NH, t 
' 


ees 7 _—— R 
. Anheit ‘on treatment with Bromine in the presence of KOH yieldf primary amines, ~ 


\ 
* The reaction occurs through rearrangement. Bee — NLA 


Sait 
Ly ic |b 
eeay 


= 
CH;-NH, + CO, 


RA —Grmnv e > 


H;—C—NH, ——~ ‘CH-NH, + CO, 


18 7A aes an tase = ets 
Exercise Q 3 (ix) What are the main features which increase the basicity of amine? 
NH, + HY === NH 
ie + 
CH;-NH, + H* === CH;-NH, 

¢ Ve 

‘The strength of a base is expressed in termsot pky, he. <4 yee 
Pon P= loa Za & 3 0 
of ERS Gus NN 

For ammonia and methyl amine, the pK, values are cs x <e 


Pky, = 4.76: 


Since PKs, < PKeriy 
Its due to two factors 
( Inammonia, the'lone pair of electron is attracted by S-orbitals of hydrogen atoms. The CH (alkyl) gro 
haselectron donating obility, Hence, in CHsNHp, sp?-orbitals_ of carbon pushes electrons tower 
nitrogen Therefo ogen is relatively more available in meth! amine than 
i) The methy) ammonium ion CH,NH" is stabilized due to electron donating inductive effect of th 
methyl group. On the other hand, NH,* ion is not stabilized by hydrogen atoms, since lone pai 
hitrogen has been used up, x 
Both these factors favor methyylimine to alsironger base than ammonia. 
* Higher members show deviation from this behaviour. 


the pair of electror 


Is because the sabization of» postive ip, depends pie sabvelion) Srtiiie bonding and resonans 
stabilzaion. Lange size alkyl armor is are les sobaied Ao, lange large sz aly grou» 
highly non-palar, 3 the solvation Wécreases in water — 
+ Moreovar: tho 
these aspects 


lability of non-bonding pair of electrons is also affected by steric factor in addition 


The important organic reactions of amines (ucleophiles) 
+ Catt baie via’ nucleophiie ‘substitution | 
clones vig nucleophilic anton) 


vs cack devatives, specials ockt chlorides or doh} macleophi acyl substitution 


Bt 45 
R—NH, + R—X —= R—NH + HX 


af R 


are with the common electrophiles 
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NT At Hales and Amines = 


eek a 
eee eee “oe eh 
Ben 
aes f° OH. oR ° ls 
= lee Il 
R—NH, + Cc. — ~ —c— H 
Reo R ial 
a oH 4 
I) ALKYLATION OF AMINE BY ALKYL HALIDES 
The alkylation of amines ts called alkylation 
F  itproduces sec- or tertiary amines Same Reaction ay an page 246 | 
(sree i | 
‘ 5+ 15 < — 
ai Sine sete 
R—NH, + R-—-x —> Roi on +. Xx ~ R—N—H +HX 
(Mucleophite) (Blectrophite) I 
: R, R, 


‘ 
{ 
‘ 
+ H,0 
exh 
Teorey | 
' 
WA 
is Rw. 
AL Rant, 
Q vi 
oR an 
ae BS 


R—C—N/+ Ri-c-On 
‘ Il 


CH 17: Aly Hales and Amin 


iv) PREPARATION OF DIAZONIUM SALTS) 


When amines react wit! 


R—NH, + HNO, -—~ R—NE=N + HO” + H,0 


The diazonium group, group Is rather u 


in the case of thd ethyldiazonim ion, it decomposes at 


—  , _ 42 chscheon+ Ht 
CH-cHy—N==N = ny, + [ cH cH, 


—~ CH=CH, 


When the group is attached to ¢ ber 
electron of the ring. The benzenediazonium 
Neverthetess, Irdecomposes adilly above 


QUICK QUIZ-3 
(1) Define hydration 
The addition of water to a substance is called hydration. 
Example: The addition of water to alkenes gives alcohols 
(2) What ts the difference between alicyclic and aromatic compounds 
Non-benzenoid cyclic hydrocarbons are alicyclic hydrocarbons. 


Alieyelic hydrocarbons possess two hydrogen atoms less than their corresponding open chain 
hydrocarbons. 


AS 


Cyclopropane 
Benzenoid cyclic hydrocarbons are known as aromatic hydrocarbons. 


“O 


Benzene 
(8) Define IUPAC 35 


TUPAC stands for Intemational Union of Pure and Applied Chemistry. The IUPAC is the accepted 
for chemical standards of nomenclature, measurements, and atomic mass values. 


@) Write the equation for the preparation of mustard gas 


through, the ion is stabilized to some extent by the di 


uch more stable than its aliphatic co 


YO Clg CHsC 


c 50h ——" $45 
ee Nencnscr 
CORR MeOH, piece 
(@8-Dichioroethy suphide) 
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Define polymers 
S) polymerization is a process in which a small orgonic 


to form larger molecules. The substances s. 
inyl chloride (PVC, 


‘eg, Polyethene, Pc 


What ls polymerization 


lecules which are called monomers combine together 


Polymerization is @ process in which o sma 
to form larger molecules. The substances so pro re colled polymers 
eg. 100 atm 400% 
nH.c==CH, ———» -—{cH;-cH;} 
iivane traces of 0, (0.1%) 1 


1) What Is Markownikou's rule? 
Ir states 
In the addition of an unsymmetrical reagent 
reagent goes to that carbon, consisting the do 
Example 


ikene, the negative part of the adding 
least number of hydrogen atoms, 


HyC—CH,-CH; 
BROS 1-Bromopropane 
HyC—CH=CH, + H—Br < (not formed) Br 


HsC—CH—CH, 
2-Bromopropane 
Br{ actual product ) 


(Piro = = SE 
‘The organic compounds containing NH, functional groups are called amines. eqneny\ © 
ae 


Examples: = o \ 
TaN ee 
CH;-CH;-NH, C\—™. Pesan neay soy 


Why halogen of vinyl 2 = 
Halogen atom has fone pair of electrons Which come in resonance with the double bond of vinyl group,» 
me eee 


= * 
——> H,C—CH=Cl 


‘Thus, the C oC bond lane some doa bond character in it. Therefore, it becomes very much dificult 
to deplace thifCTatom by any nucleophile) Hence, the halogen atom ef vil chloride s ert in substitution 
reactions. Sie 

ba 


Do You Know? 

(0) CD’s are made from vinyl chloride 

(W Ethyl chloride is used as 0 typical anesthetic 

(i) Erupting volcanoes emit large quantities ‘of halogens and halides 


ny 


CH CH, Br + mg “he 


E o 
b- 3F — | b+ 5- 
CHy-CHy Mg— Br ¥™ C 


Carbondioxige 


(WEthyl bromide to propane 
Hy CHy- Br + ig Coy CH Br A 
a ae a ee Me 
CH CH-Mg—Br +” CBr 2 CH CH CH, + ie 
Propane " 


CHy-CHy- Br + KCN —_— 


Ide to ol 


CHy-Br + ng ee 


CHy-CHy Mg Br 


CHs-CH;-CN + KBr 


Choice 
Hn aw 

lee eet) oy holler 
A ! 
Fendi 


‘Similarly secondary and tertiary alcohols can be prepared _ 


ge Cnemiars: Feral Bor 


OME IMPORTANT CONVERSIONS 
MLEth! bromide to propa 


° 
i ® 


Propanoic acid 


Ms 
CH Ch C— Ont My 
on 


CH)-CH=CH, + KCI +H,0 
1-Propene 


Wty + cH 8H, Br 
V7 


+ 5 


AN 


HyC—CH,-WH, + CH 


(CH; CH,); WH + CH tbe 
Ses 
(CHs CH,),N + oF Be 


—= CH CH NH, 


+ HBr 
Ethyl amine 
— > (CH cHyNHg ey 
amine 
+ CH ge, 
Thethy! amine 
(Hs Cy, tae 
(Quaternary ethyl ammonium bromide 
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SOCIETY, TECHNOLOGY AND SCIENCE. . 
| ORGANOMETALLIC COMPOUNDS IN sic 
Tick ol 


mtadiens! complexes 


va (Merhromin) 

On ns. vaccine preservative. in imu 5 
+ Salvarsan (arsphenamine in the States) 
+ Tuanocene dichloride, Cp,TICl, 
+ Tamosifen is an anticancer con 
+ Ferrocenyl dew hloroquine is a 
+ Tignocene dichloride, (Cp),V(NCSe), 

~) 6 Ferroquine, a combination of ferrocene a 


1+ Vanadocene acetylacetonate has potent 


© Ru (y?-C,HJC(DMSO) has been shown ti semotheray 


COMPARISON BETWEEN HEMOGLOBIN AND CHLOROPHYLL 
‘Hemoglobin and chlorophyll both are natural orga: Both consist of a substituted 
porphyrin ring coordina n 


BP ciftienoglobin ea pombe rng woo : ary si 
(i Hemoglobin is the red pigment in the blood WhIK chlovop green pigments in green planis_plgae 


‘Certain organism) 


(§ Hemoglobin is involved in oxygen transport whild chlo funch {light energy durifigy, 
Bras rosynthes 


Rod 5 


Siviciukelot Heine: Structure of Chiorophyil 


» 4 


ro 


pe A Baa 


formation of hye 


Primary amines, R-NH, 
carbinolamines which 


3s) results 


aldehydes or ketones to give 
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VG In primary alkyl halides, the halogen atom Is attached to a carbon which Is farther allached ro how many 
sly, carbon atoms: 5 


a 
(a) Two —. Three (ic) One (d) Four 1 
' 
4 


| (i $;2 reactions con be best carried out with: 


ton| rary alkyl hai (b) Secondary Alky! halides {c) Tertiary alkyl halides (d) All the three 

(For which mechanisms, the first stop-tncolved Is the same; 
: F ( 5 xh 
s2| (a) E:and Ey (JE, and SN, (c) E, and SN, E, and SN S 
vey _ (te) The rate of E, reaction deperide upon; ae van 


[X (al the concentration of substrate (b) the concentration of nucleophile. 


‘Te)the concentration of substrate as well as nucleophile (4) None of the above. 


€ (x) Alkyl halides are considered to be very reactive compounds towards nucleophiles, becouse: 


(a) they have an electrophilic carbon 
{b) they have an electrophilic carbon and a good leaving group 
(€) they have an electrophilic carbon and a bad leaving group 
{d) they have a nucleophilic carbon and a good leaving group 
|{e0 Which one of the following Is not @ nucleophile: > ~ 


(a) HO (HS (BF, (d) NH 
(oll) Double bond Is formed as a result ofy 
(2) Substitution reactions (6) Elimination reactions 
(6) Addition reactions: (@) Rearrangement reactions 
(cil) Which of the following alkyl halides cannot be formed by direct reaction of alkanes wlth halogen 
(b) RCI (RF (i y 


(Pope {c) Propane (d) None 
(s) Grignord’s reagent Si f / Xo 
(a) Water {b) Ethylamine (©) Ethanot Tia) Allo 
(x) Action of alkyl halides with Na metol yleld: reas 
(b) Alcohols {c) Alkenes (a) Phenols 
(xl) Alkyl halides react with excess of ammonia to give ’ 
(a) 1%-amine {b) 2-amine {e)3". (a as 
N) Among the alkyl halides the. sit aiden cor foe the mechontsm: 


1e 


(a) SN, 


(a)Acetamide — —_((6) Primary amine > {(e) Secondary amined) urea 


Nucleophilic addition of ve giving; 


(b) urea {c) ammonia (a) Nitrobenzene 


definition, the primary carbon atom is directly attached to] Since primary alkyl halides have less steric hindevar 
So a et hte Br te crbon am] be mideophie cat easy wick ant thy lo 


Bloched to Bris the primary carbon atom. 


Kh 


(vil) Ans: (b) Elimination reactions [ivy Ame: (RE 


nucleophile. There! 


fof the followin, 


secondary and tertlary alkyl halides? 
() Primary Alkyl Halide: 
‘AlkyI halide in which halogen atom is 
A primary C-atom is attached to one or 1 


-hed with primary carbon are called primary halides, 
carbon atom is called a primary C: 


R—CH;-X CH;-Cl CHs-CHs-Cl CH;-CH;-CH;-Cl 
Metnyl chloride Ethyl chloride n-Propyl bio 


(W) Secondary Alkyl Halides: 
‘Alkyl halide in which halogen atom is attached with a secondary carbon atom is called secondary alk 
‘A Secondary C-atom is attached to twa C-atoms simultaneously is called a secondary C-atom, 


R alias 
eS 

—bH—x pote Hjc—cH—cH;-cH, 
HC | 
s Cl 2-Chiorobutane 
2-Chloropropane | ° 
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L i) Tertiary Alkyl Holides: 


‘Alkyl halides, in which halogen atom is attached to a tertiary carbon is ca 


‘Alertiary C-atom is attached to three C-atoms 


a 
| R CH. 
| ee 
Es] Seam 
R CH; 
5 
| 


2.Chloro-2-methylpropane 


{W) Why alkyl iodides connot be prepared by directly heating lodine with alkone? 
The alla iodides cannot be obtained directly by treating alkanes with iodine. 
Its because when an alkane reacts with iodine, allyl iodide and HI are produced. The A 
we c seducing agent. So, it reduces the product ally! iodide back to the original alkane 


is-a strong 


ae 


cH-I + HI 


(W)What are Nucleophilic substation reactions or SN reaction? 
The reaction in which a nucleophile replaces another otom or a group of atom already present in a 
molecule are called nucleophilic substitution reactions. 


General process of Sy reactions is ‘ 
sft. 
No + ——C—16. | + LOM j 
neucleophile | product Jeaving group 
f 
(Wi Tertiry aligt ho Socios month wh? zs ; | 
+ In tertia halides, the tertiary carbon atorp is sunrounded Uy. bulky allyl groups. Therelore, i's difficult 
tora: see reach ‘Hence, $:2 reaction cannot occur wits tertiary aliyl halides, ) 
* fl mndergo fing this process:feaving group-Jeaves’ an the tertiary 
ares Nene Sclpile yocis the ray earbon som | 


a ecurs with tertiary alky| halides. The reaction complete in two steps 


CH HAC, CH; 
‘solvent Ne? 
ae = ¢ + of 
Hs 
carocation 


te toa 0) 
win tee hy 


elimination reaction 

When @-hydrogen is eliminated, 
Examples: 

‘Ally! halides on heating vith a! 


a 


CH;-CH;-CH—CH, + MOH 


(el) Which factor decides the reactivity of alkyl halides? 


‘There are two main factors which con 
() Bond Polarity 
‘The molecule ohalhyl halide is polarized due 1 
Hende carbon acquiies partial positive Where es pari Halose fe 
‘nucleophilic ia characte; whiet cane rer ? 5 
——— CH 
(W) Bond Energy 
Experiments have shown that the bond ener - 
ally halides, and not the polarity ofthe molecule, — 
A study of bond energies of C-X bond sho bond is the stronge 
So the overall order of reactivity of ally} halides is: fos: 
Rulodide > R-bromide > R-chloride > R-fluoride — 
(ol) What ore the diazontum solt? FSCS P 
Gen amines eet th nitrous acid, diazo c we 
F 


NH, + HNO, ——> + HO” + H,0 = 


Pe Diazonium ion F 


‘The diazonium group, group is ustable. In the case of the ethyldiazonim ion, it des wes at once te) | 
1 

4 + wp 

H;0 CHs-CHr OH + H = 


cHpcH-N==N  —~ ny, + [ cHsCH, | 
+ CH=CH, 
When the group is attached to a benzene ring, the ion is stabilized to some extent by the delocalized ee 


the ring, The benzenediazonium ion is therefore much more stable than aliphatic. However, it also decc 
readily above 10°C. 


+ 5 toe 
NNcr N.ct 

NaNO, +HCI 

al o 
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“ff con nucleophile wditon of «primary amine ging a imine? 
°° OH R 
iH, + oon — mpd ae 
H Hw 


‘Amines ore more basic than analogous alcohols «hs? 
Paes may act as bases towards acid 


itis because 


ie electron pair on nitrogen atom whi fo F 
are No lone pairs of electrons on oxyg e fh each other during 
han amines 


donation. Hence, neither of these two is" 


Flow tertiary alcohols are obtained from B-Mg-X? 
Tertiary alcohols are obtained by the reaction of R 


a 
(a tertiary alcohol) 


te CH;-CHy MgCl 


CHy-cH-cl + Mg 
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ps2 


(@)n-Biutone 
CHs-CH;t cr + 2a + C/-CH,-CH; 


(d) Tetraethy) lead. 


4C2Hscl*+ Na,Pb ——= (Cy 


Ethyl! chiorige 


(ol) Discuss 


ihe preparation and reactolty of Grignard’s reagent 


Page 240 

(oll) Whot are the amines? Gice its nomenclature. 
Page 244 

om 


Page 250 


(ix) Amides are reduced by LIAIH,. Give mechanism. 
Reaction: 


° 
I use 
R~ NH, a 


‘Mechantem 


* The nucleophilic H from the hydride reagent adds 


to the electrophilic C in the pol 
the amide 


complex. 


Ste 


‘The tetrahedral intermediate collapses 
* This produces a highly reactive iminiur 


reas ut 


CEN, 
cu | Ne, 
Hw 


The electrons from the C=O move to the electronegative O creating 


gthet  CHs-CH;-CH,-CH; + 2.Nac 


2H.),Pb* 4 NaCl 


Tetraethy! leac 


What are the main features which increase the basteity of amine? 


lar carbonyl gr 


‘an intermediate metal alk 


Z0—Al + 
cf AIH, Li 
CY, 
aa CHS Ney, 


and displaces the O as part of a metal alkoxide leaving group 
1m jon an intermediate. 
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jo Aly Halide and Amines pod 


1p 3: 
F The nucleophilic H from the hyd 
§ The x-electrons from the C=N m 


* 
een elses 
ait aes Bese 


Whar he lon sli? Ho thy con be prepared? Ge te rat 
Te nins ec with ous ac, oni compounds ae ores 


ee R—NH, + HNO, =—= R— + HO” + H,O 
a ee ‘Diazonium ion 
‘The diazonium group, group is rther unstable. Inthe case ofthe ethyilazonim fn. decomposes at once: 
Fs 
. 2 cHchron + 4 
cHs-CH WN —> w+ [cHrce, | 


—*~ CH=CH, 


by the delocalized electron of 


benzene ring, the jon is stabilized to some extent 
However, it also decomposes 


| When the group is attached to a 
therefore much more stable than aliphatic 


- the ring. The benzenediazonium fon is 
"readily above 10°C. 
for 


NH, tenor 
«6-6 
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Time: 20 Minus 


Marke: 17 
Note: Over un = sieve 3 
QL. Circle the correct option | ABCD. Each part 
1 Bectrph B.Nucleopbilic 
WW) InCHyCO-CH, + CHM + Intermed = - 
This 
‘i tery boty! alcohsl 
ACHOH 2 HOF 1D Tertery bat! alcoho! 
(W) Which rexgent cane paren oh ae = Rs 
AHO dot 


) Treatment ofa 


‘A Dietvd emine 
(V1 Abd Taoredes are less reactive 


(w) For the reac 


AHBr > H> He 
(1) When gad rerio 

A Zbttaned 

Sd omgent 

NOnare 

© Ongena compe 
tu) -ituc ane a 

At, BHO cc DBF, 
(s) What shape of eatbocaton? 

A Linear 
(8) Dau bord fore 

A Sub 

© Addon waters 


6 
(si) The ccenmeon name of2-ethyt2 
A bobutf horde sects c 
(sii) EZ enon obeys 
A Fist caer ntick 2c Thu order entis.D. Zen 
(xv) Which ol he flowin allt Plies caret be mea of alkanes with 
A RBe BRO CRF DRI ‘ 
(9) CHYCH,Br on treatment wth nlc KOH ges 
A Propana Propane C Propane D.None 
(1s) Grignard regent gies aiane vith c 
A Woter Ettore Ethane D. all of these 
(sil) Action of allt halides with Ne metal ald" 
A Alkanes B Neonat C Alkenes D. Phenols 6 
SUBJECTIVE : 
‘Time: 2:35 Hours Total Marks Section B and C: 68 
Q2. Attempt any FOURTEEN parts. The answer to each Part should not exceed 5 to 6 lines. : 
(0 Ale Nabi contend amongst the ment cv ol rnc compounds Conde the equation 
a yn 
‘Suggest the nome and mechanien invcived fot the above conversion o 
What wil happen othe configuration ol allot halide during the roses? ot 
While rate equation lor hs reaction a Q 
(W) 4 How dos nate of ae group chang when a hale convened it Grignard agen? 
a 
Why isthe dy ether necessary fo the preparation of Grigantsreagent? ot 
& How doe he riory alba produce when tyne oie ec wih Grgnant seaget £2 


(i) How ts Grignard Reagent used for the preparation of alkanes? Give any three examples with reaction 
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17 Aly Haider and Amines = 
aa pes ate Chemin Federal Board Part! 


fv) a Write two methods forthe preparation ofall 
\ b What are primary secondary and & 


Why ally iodides canno 
Tony chlonde ( SOC, 


isthe best reo 


J 9) a How ally iodides are prepared 
‘Which factor decides the reacts 
€ Define an electrophile and » nucleophile 


(vi) Explain the given order of reactivity 
Ri> RBr>RO > RF 


3 


[wile What products are formed when the folowing compounds are rested with Eth 
AHCHO. ——B (CH)).CO 
'b. Why Grignard’ reagents highly reactive 


(id) What are Nuclecopile substiution reactions or Sy re 
1 Why primary allyl halides abways follow S,2 mechanism or 
Tera allyl halides show Sytreactons mont 1 


(6) © Sy2 reactions shows 2 order kinetics, why 
Why the configuration ofthe prosuct inverted during Sym 
Why there is 5O% inversion and 50% retention in the pro 


(i) Write down the ebutyl bromide with KOH in agueoxs med 
What are p-Elenation reactions? af 


(ba) Whats Warts synthesis? 
‘Why all reagents must be dry during the preparation of Grignant's reagent? 


Draw al the possible isomers of CyHyxCi and cinnity them as primary, secondary and tertiary. 03 
How carboryic acids are obtained from Grignard's reagent? a 

How tertiary alcohols are obtained from R-Mg-X? 1 4 
How tetraathy ead is obtained trom aly haces? a 

‘What is a carobeation? Write two methods fort generation? 2 

‘How alkyl halides can be prepared from alkanes? a 

‘Write mechanism of E2 reaction. o 

‘Give two methods to produce primary alcohols from Grignars s reagent a | 
Diflerentinte between E1 and E2 reaction 

How may Grignand's reagent may be prepared in laboratory? | 


lodide on is both a good leaving group and a good nucleopile Explain why? ce 

How may PCI, be used fr the preparation of alyt halides? a 

How aly halides can be reduced to ahanes? a 

How athenes may be converted into allt haldes? 1 

‘Whats the effect of nature ofall group onthe preparation of Grignard reagent? oO 
‘Section =C 


‘Attempt any TWO questions, All questions carry equal marks. (2 <13=26) 


ae 


CH=CH, i> CCH 
(0 Desert the conditions necessary fe each ofthe rections Ian 
(i) Desebe the tes inthe me-hanen of eatin L 


| 
bse ae to 


Gn 


e Ate Cte 


Mow ethyt 


magnesum brome ects 05 
(NH, (i) Acchols fl), (vt Aldebyces, Acetone 
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CHAPTER # 18 
ALCOHOLS, PHENOLS ' 
; 


AND ETHERS 


FP Thestucture of alcohols, phenols . 


‘Acohols and phenols both contain hy 
etherboth hydrogen atoms of water are 1 


-OH, as functional group are called 


‘aleohols: Alcohols containing one -C 
fe oleohols: The alcohols contain 


ps are known as polyhydric alcohol 


Wlcatlon of Monohydrie Alcohols: 
Monohydric alcohols are classified into the following three families 
(9 Primary eleohots: 
Inthese, carbon atom attached to OH group, Is directly attached to one or no carbon atom. 
CH;-OH CHs-CHs-OH CH;-CH;-CH;-OH 
Methanol Ethanol 1-Propana 


; (n-propyl alcohol 
w Stcondaryelcohoe: 

these, carbon atom attached to OH group, Is directly attached to two carbon atoms: 
CHs-CH—OH CH;-CH;-CH—OH 


2-Butano! 


Hy (coc Propy seaho) CH, (sec-Butyl alcoho!) 


r F re 
Inthese, Ser a na DE ares Reet tected Yo toes corbon cto 


Federal oor: p 
remistry: Fed 


is selected as the parent hydrocarb 
ber of carbon to which -OH is attac 
from that end which would assigr 


ked to the -OH group, 
19 on -OH groups is indicated by suffixes ~diol, -triol, etc. and repeating 


~OH groups are attached 


queer ahh faarheariess PELE PA aries 
CH-CHrGH-CH-on = CH CH-CH—GH, © by-GH—GH-GH—CH, 
‘-Butana 2-Butanol 
CH, OH 
4-Methyl-2-pentanol 
a Pray an 
GHG, H-CH—CH, 
| GHs-GH=CH—GHe on éu=dH—au-d 
OH OH a CH =CH—GH-CH: 
12€hanete ra esis 2-Buten-1-0 SButen-1-c1 
S e 
Neato upto butanol are generally colorless liquids) These have characteristic 


CA) taste) They are readilf sohublen water The feweat smelljand\ bi 


Signiticant in lower alcohols but deceases in hi a, a alcohols is due to hydrogen Bonding lh 
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em, 
ES TE OS 


OH Of} OH OH OH OH OH CH, OH OH 


12) 


OH CH, bres 
Tee CH 


HCH.CH(OH)CH(CH)). 


* The alcohol functional group consists of an'O atom bonde: 
g Bah tHkCO fod Oo jue to the hi 
iy a 
4 


2ROH + 2Na ——~> 2NaOR Hy 
zx @—o-w wNa Sodium alkoxide 


2HOH + 2Na ——= 2NaQH + H, 
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PREPARATIONS OF ALCOHOLS 


H,Cc—CH;OSO,H 


Ethyl hydrogen sulfate 


by heating alky! hydrogen sulphates ord hydrolyzed to alcohols, , 


~ weeny 100°C 
CHrCH=OSO,H_ + H}-OH "= H,C—CH;-OH + H,SO, 
2 i Ethanol 
The reaction folle nikolf 
b+ 8 whens H,0 / 100°C ee 
CHy-CH=cH, + H—Oso,4 —~ se oH CH, "0/100 H,C—cH 
1-Propene H,80, 
0SO,H OH 
Isopropyl hydrogen sulfate 2-Propanol 

~ 
+ Allyl halides can be converted f alc 


aterior hydroxide as the nuc Jeophile. 


(@) Primary alcoho, 
Formaldetiye 


Ehanoj 
(2 primary alcohol) 
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‘Alcohols, Phenols and Ethers 


one 
‘Secondary Alcohols: 
Al akiehydes except formaldehyde give second 


Hoa I / 
=> CH;C—OH + Mg 
H’ | OH 


Acetaldenyde able, 
{a secondary alcoho!) 


‘ 
| 
cH, or { 
! 
' 


{c) Tertlory Aleoho! 
Ketones give tertiary alcohols with Grignas 


2-Methyt-2-propanol 
(a tertiary alcoho!) 


Reduetion of aldehydes, ketones and carboxylic acid (ester in the presence of Ni Pd or Pt) gives alcohols 


OH 


+My cli CHOH CHs-CH;-OH 
cHy-c—H + Hz —— om or CHs-CHe 
‘Aeblaidenyde Ethanol 


LIAH, con also reduce carboxylic acids as weil as aldehydes, ketones ond ester. 
RCOOH +LiAIH, > _ RCH,OH 
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2-Propan 
(a secondary 


; ° ie 
Il 
CH;-Mg—Br + C.H>—c—OC,H, —_. C,H;-C—OH 


Phenylpropan-2-o| 
cH, 2-Pheny) 


+ Ho 
oO OH 
LAH, + Cw H-G-R + R"0-H 
LAH, RS ope ‘ 


© Carboxylic acid 
only be reduce: 


y LIA 


me less reactive to Nucleophiles than aldely 
# NOT by the less reactive NaBH, 
2 hurdrides be added tothe carbonyl of acids or este} 


des or ketones, So, they cay 


Alcohol reacts with other reagents due to the breaking 
Breaking of bonds depends upon te nates of the at 
+ Ha nucleophile attacks the C. 
* Th order of react 


to-cleavage of C. 
‘Secondary alcoho! > 
* Clan electrophileaitacks the 0.1 
* The order of reactivi 


) CHSCH-o- + yt 
~~ thexide ton 
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ry: Fesderal Board: Part? 


B73} College Ch 


Mehra tse rsssace ollurshared elecion pals on 
react with halogen acids to form 


oxonium fon, Now the C-0 
‘linched by a nucleophile to 


+ In factSthe alco! 
‘bond becomet highly polari 
toreak C-O bond 


+ 
+" H—Br —- R—O—H + Br 


Alkyloxonium ion 


H 


* 
R+O—H —* R—Br + H,0 


m-alcohol. 


+ Thiorders of eactiuty:of halogen acids Hl > HBr > HCL 

‘+ The orders of reactivity of alcohols is ter-alcohol > sec-alcohol > 

+ HC and prim Alcohol are the least reactive Amongst halogen acids and alcohols re 
they react only inthe presence: HCH used 08 


ively. Therefore 
atalyst.. "| 
Ist 4 


“Of & catalyst. A solution of ZnCl, in concent 
\ zn, 
Reectnonas iH!) RCH 


Primary sleohot \ ~ heat 


- + > 
5 +" ZnCl, —> (Sista 
H 


4 
erh 
is rt 3 inc, —- Rt H-O—2nCl, 


rer i S 
O-anch, FNC! —~ HAO + Zach + cr 
“Whe ga hi 


www.topstudyworld! col il 


GY Hone will yom distinguish betwen 


() Secondary alert torn 


R 
CH-OH + HCI 


IR’ Secondary aeons 


cap 


"mary alcohol forms an insoluble pr 


R 
ee | 
R—C—on + woop [eee Dh ae) 
| Immediately 
R R 
Temiary alechot 


( Thlonsichloride (SOCI,, = = 
Nie 


‘ 
shel tact ith henychlonde to give aly chlonds 
| 
RON + soc), Prdne R—cl + 50.+ Hey 
TWony! chide 
Mechanism s 
fi fi 
RG: SS —- pig + or 
log Ce a 
Ht Thon hire H 
crs, gal . 
a — Rg 
(TESS + S0,+ He} 
4 
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qt AeoblsPheol amd Ethers 


shosphorus Tribromide an¢ 
9 Poors ae! odes ae 


} 
BROW © pie ees 


3R-OH + pBr ic 
2 


; ACID CATALYZED DEHYDRATIO! 
Ethers are produced via acid-catalyzed d 
| H 1 I 
2 —C-OH ——~ —C-0-c 
i heat Toa 
+ Reagents are typically H.SO, and heat 
J This method is limited to symmetrical 


Step 
‘The lone pairs on the oxygen make it a Lewis 
‘oxygen is protonated to make a better leaving grou) 
ut + 
CHs-CHeOH =—= CH;-CH>O-H 
1 


11 acid hase reaction, The alcoholic 
f eversible 


H 
Step 2: 

‘The O of the second alcohol molecule functions as the 

{70up (H,0) by breaking the C-O bond. This forms an one 


(ae 

‘ } * e 

CHp-CHrOH 4 CHs-CHPO-H = —~ CHeCHrO—CHyCH, + H.0 
1 | . 

H 

3: 

‘This is another acid / base reaction. The proton is removed by a suitable base, In this reaction wate 

ee removes the proton. The alcohol ROH can also do this. Thus, the ethe uct 


CH;-CHy O—CH>-C! 


‘Thus allyl halides may also be called esters of halogen acids. 
pe He BX + HO 


CH #18 Alcohols, Phenols ond Ethers 


College Chemistry’ F 
© Glycerine 
ot Glyceryl 


CH-OH CH;-O—NO; 


CH-OH + 3HNO, 


CH>-OH 
Giycerine 


CH-O—NO; + 3H,0 


© Nitrogiycenine is highly 


and moulded into sticks 
Dynamite 
© Esters are also formed by treat 
° 
Saal Ma Il 2a 
C,H,ONa cue 9) ——+ CH,—C—0C,H, + Nucl 
Ser Ree need chicrtde Ethy\ acetate 


Aleohols are easly oxidized by alkaline KMnO, oF KyCr,0; + H,SO, solutions to give different products 


(W) Primary Alcohol: 
‘A primary alcohot is fist oxidized to an aldehyde, which is further oxidized to a carboxylic acid, 


4 
1 K,Cr,0,+ 4,80, 
CH-CH—OH + [0] = CHy-C—H + 4,0 
0 
Etnanoi 


K,cr,0, + 4,80, 
or CHS-CH;-OH + [0] oe CHy—-CHO + H,0 
(M) Secondary Alcohol 

‘A secondary alcohol is oxidized to give a ketone which is not further oxidized, 


cH, Be 

NcH-OH + toy ESTs. ne 

Z rs ==0) + 0 
cA, 

2-Propanol 
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iu) Tertiary Alcohol: 

(i Pe", tetiary alcohol is not oxidized by alkaline KMnO,. 

$ When heated with a mixture of KyCr,0; and H,$0,. its frst dehydrated to an alkene in the presence of 
acid, Then alkene is oxidized to a ketone and a carbaxylic acid by KyCr40, and HySO. 


HCH, 
cH, 

ean 
CH, 


(Oxidative cleavage of diols gives carbonyl compounds, 

7 

| & 

a —¢—OH 
| i HIO, ee Crea: 4 Om C6 + HIO, + H,O 


Hanne / \ 


112- or vicinal diols are cleaved by periodic acid, HIO,, into two carbonyl compounds. 
The reaction is selective for 1,2-diols. 

This can be used as a functional group test for 1,2-diols 

‘The products are determined by the substituents on the diol 

The reaction occurs via the formation of a cyclic periodate ester. 


MENCLATORE 
*Thiols are the sulfur analogues of alcohols. 
+ These are names by adding the suffix -thiol to the name of corresponding alkanes. 


CHy-SH CHy-CH;-SH GH CH-CHysH 
Ethanethiol ‘1-Propanethio! 


Methanethiot 
The rest of nomenclature (i.e. naming substituents etc.) is similar to alcohols 


fed to aC atom and a Hai 
ds to S are longer an 


+H bonds is less polar thas 


weaker than 


ReacTiviry 


Thiols are n 


Thiols are also 


*  Thiols are readily oxidized but 


t0 $-O systems rath 
Thiols are commonly oxidized 


to disulfides, R-S-S-R. a bio) 


cx 


on 
(1) Whot are monohydric ond polyhydrie eleohoie™ 
CS fowhanc ashen ae ning one -OH group are called monohydre olechols | 
9 CHS-OH CH;-CH;-OH 
‘ Methanol Ethanol 
Polgvdte slcohel: The ccohol contoaing two or more hydrox groupe are kngwn as polyhydre 
e. CH;-CH, CH>-CH—CcH, 
OH OH OH OH OH | 
1.2-Ethanedio! 1.2.3-Propanetrio! 
(2) Why some alcohols 


re evdly soluble In water a | Bo 
Small alcohols, are readily soluble in water, 
The solubilty of al 


's significant in lower aleohols but deceases bo 
‘ncrease in non-polar nature of alkyl (R) hi 
I 


Phen 
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och #18: Alcohols, Phen 
{6) Define deprotonation 


The removal of a proton (H") from molecule, or an ion, forming its conjugate b dileproiontaien 


2ROH + 2Na —= RONa Hy 
Sodium alkoxide 
‘Te shone ion (RO*) is the conjugate base of alcohol (ROM) 


i J) What Is @ reagent? 


‘Arreagent is a compound or a mixture that is added to a system to cause a chemical reaction or test if a 


reaction occurs 
Baeyer's reagent is dilute solution of KMnO,. Its used to test the presence of a double bond, It reacts 


a double bond to form a glycol 


Containing one or more OH groups, directly 
‘ore called phenols, 

‘The simplest example phenol is also known as carbolic acid, e.. CHsOH, It was first obtained form co 
tar by Runge in 1834. 

Phenol is derived from the old name for benzene (phene), and a sulfix (ol) is added to it th 


3 
: 
the presence of hydroxyl group. ates j 
| 
‘ 
' 


Brie information about phenol 
First prepared by Run: Melting pint= 41°C.__ Boiling point= 182°C: 
‘Simplest example of phenol is Carbolic acid (C,H,OH)) 
Phenols can be obtained! via substitution reactions, with the hydrolysis of diazonium salts being the 
most important laboratory method. 
Phenols are acidic and are important intermediates inthe preparation of ary! ethers, CyHs-OR 


;enol (C,H,-OH) is often confused with phenyl (CH,-)) 


JNOMENCLATURE ee 

Tn common system alcohols are named by adding the word ‘alcohol’ after the name of the alkyl group to 
the -OH group is attached. 

OH ‘OH gd 


pe oO. -O. 


1.2-Dinydroxybenzene: its 
: ; " (p-Htydroxypheno!) 
OH (Hydroquinone) 


ON. NO; 


al 


College Chemistry: Feileral Boor» | 
oe 


§ 
. 3 high electronegativity of the O atom. | 
: fon the oxygen and the aromatic ring ' 
cl shows following properties 
| 
= as | 
(Phenol is 2 colorless, crystalline, polsonous solid with characteristic phenolic odor having melting pai} 
41'C and boiling point 182°C 
(uy 8 sper soluble in water forming pink solution at room temperature but completely soluble abo. 
685°C | 
(i itis poisonous and causes blisters on the skin 
| 
a Wa Z zi | 
Phenols are more acidic (pK\=10) than alcohols (pK=16 - 20), but less acidic than Cabboxyic el 
“pK=5) — 
* Phenol ionizes in water as 
On | 
| 
+ 
+ H,0 — + 4,0 IP) 
Su 


* The negative charge of the phenolate ion is stabllzed by resonance due to electron delocalization 0 
the benzene ring as shown below: 


‘separate phenols from alcohols and/or carboxylic 
dae ose ergo, of ether phenel and alcool or phenol and carrie cea os 
dilute base pepepela 2nd sodium bicarbonete, respectively) then the stronger ace 
converted into its alkali ‘is extracted to the aqueous phase and 

< ‘Phase and can be separated from’ 
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and / oF inductive effects 


-acony | 
XO 


i 
2 
co} 


1 ympound pKa pKa 
Phenol 

i emeacapbencl Me 10.2 
J oMethyiphenot 10.3 | | p-Methylp 103 


| @-Chlorophenot 86 


|PREPARATIONS OF PHENOLS 


mary: 
SO,H 
MOH + = 


a 
MoH + or — ¥ 


'* The first three methods are primarily industrial methods. 
3 “The hydrolys of diazontum salts isthe most important laboratory method. 


cs 
Uf REACTION OF BENZENE SULFONIC ACID WITH, oe cephenel 
4 Hoar ccan rey trong alka ike NaOH ot KOH, viekls phenol 


H oN OH 


Phenol 


‘Saatism benzenesluphonate Sodium pheno: 


4 Atsuch a high temperature. side reactions also occu 
ySIS OF CHLOROBENZENES 


2) BASE HYDROL 
irolyzed by heating wit NaOH at 360°C and under high pressure. 


Chlorobenzene is. 


cl ‘Na OH 
| 
NaoH HOI 
00°C acl 
Chiorovenzene 
 Itis recently developed commercial method for the preparation ofphenol 
‘© Cumene is oxidized by atmospheric oxygen in presence of metal catalyst, into cumene hydroperoxide 
tt iii 
cHy-e—H cH-C—O—O—H 
60-80°C 
+ Of — 
‘sopropylbenzene Isopropyibenzene hy 
Mee 7 isopropy! rene hydroperoxide 


‘© The hydroperoxide is converted into phenol through an acid catalyzed rearrangement. 


ie 
cHs-C—O—O—H Cul 
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on 
ARATION OF PHENOLS FROM ARYL DIAZONIUM SAL 
N, oH 
f SS H 50 S> 
OA ae 
+ Ayyldiazonium salts can be conve . 
+ Aryl diazonium salts cid, HNO. 
| 
[os Phenols are very reactive toward 
——$ + TheOH group is an ortho: / para- director the ts 
iS # The OH group is an electron donating ¢ ben 


activates the ring Hence, miki cond . = 


; REACTIONS OF PHENOLS 


Fo © Phenols are very reactive tow 


¢ tis because the hydroxy group, -OH, is a strongly activating, ortho por directing aubaitient, 
ou on on 
See “ales 
1) + es 
: . 
E 


+ Substinution typically occurs pora to the hydroxyl group. If the para position is blocked, then ortho 


substitution occurs, 


* The strong activation by OH group means that mikder reaction conditions can be used than those used 
for benzene. 


+ Phenols are so activated that polysubstitulion can occur. The polysubstitution is problem 


Benzene 
HINO, / H.SO, 
$0, 
X_/ Fe or FeX, 
RCI AICI 
AICI, 


CH # 18: Alcohols, Phenols ond Ethers a an 


eee 
‘SOME USEFUL ELECTROPHILIC SUBSTITUION REACTIONS OF PHENOL 


NITRATION 


Phenol reacts with di 


oH 
f wo, 3 
ck 4 f S) + 24:0 
2) + sono, * 


(Piene acid ) 


LPHONATION 

* Phenol reacts with conc. H.SO, at room temperature to give o- and p-hydroxybenzenesulphonie acids 

* At 20°C osomer is formed in greater percentage, while at 100°C, p-isomer is formed in great 
percentage. 


on 


OH on 
SO\M 
2 + 2480, 4. + + 2H,0 
SO,H 


2.Mydroxybenzenesuitonic acid 
4-Hydronybenzenesuttonc acid 
HALOGENATION Ne- Mocasoy ¢ ‘ Wot? 


* Aqueous solution of phenol reacts with[bromine water Jo give white precipitates of 24.61 end 
This tests used for identification of phinol ee 


gs on 
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orproduct isomerzes 


Baas 
+ NaOH = || 
NZ , 
°9 


PA we 


OH 


Phenols are very reactive towards oxidizing agents 


# Carbon of CO, acts as electrophilic centre in this reaction Acidifica 


‘The oxidation takes place through several steps which finally destroys the ring 


oH 

S cooNa 
~ 
( 
Y 

cooNa 

es comesponding 

+ NaCl 


er ™_U RP oct bee Te ee ee 


CH # 18; Aleohols, Ph 


Is and Ethers sd} e 
DIFFERENCE BETWEEN ALCOHOLS AND PHENOL a 


The main d 5 se 8 0 


YF BAIN > 


* The compounds in which hydroxyl group a 4 
© Alcohe droxyl derivatives of alkane a @ 
© The com in which one hydrogen of water is rep 
‘© The general formula of alcohol is R-OH. 
* Alcohols may polyhye dingon the number -OH g 3 
* Lower alcohols are generally colorless liquids. oz 
* Alcohols have a characte sweet smell as ning taste : 
* They are readily soluble in water but solubility decreases in higt 
‘© Alcohol reacts with other reagents in two ways, either in which C-O bon 

breaks. 
‘+The compounds in which hydroxyl group is attached to an ary\ group o 
Phenols ate derivatives of benzene. 
* The compounds in which one hydrogen of water is replaced by an aryl gy 
The general formula of phenol is ©. It's also known as earbolic acid a 
* Phenols are not monohydrie or polyhydric 


They are colorless, crystalline, deliquescent solids 

They have characteristic phenolic odor. 

© Its melting point is 41 °C. 

Phenols are more acidic (pK,»10) than alcohols (pK.+16 - 20) 


Itis sparingly soluble in water forming pink sol 
685°C. 


nat room temp, 


e but completely soluble 


Phenolate ions have resonance structures but alcohols don not have such type structures. 


(1) How ne PE 


gatlve charge of phenolate lon Is stable? 


The negative charge of the phenolate ion is stabilized by resonance due to electron delocalization 
benzene ring as shown below, 


cae oO: oO “oO 
(a 
ray is 
es 
U . 

(2) What ts acidity order of phenols S ; 

Electron withdrawing groups increases the acidity of phenols while electron withdrawing groups decreases i 

the acidity of phenols. 

Thus, nitrophienols are stronger than phenol while methyl phenols are weaker than phenols. i 

So, with these phenols the order is (more aetdic)nitrophenols > phenol > methyl phenol (less acidic) | 
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Why phenols are very reactive towards electrophilic aromatic substitution 

+ Phenols are very reactive towards electrophilic aro 

| {The OH group is an ortho: / para- director theretore it produ 

| ¢ The OH group is an electron donating group and it d 
activates the ring, Hence, mild conditions are needed for 


rene ting. Thus, it 


Bair sutcastion of phenol 
Page 


(8) Alcohols and phenols both contain -OH group. What Is difference between th 
hols the OH group is directly atached to an : 
CH, - OH (Methanol) 
In phenols the OH group is directly attached to an aromatic ring, Is 


ee C)-on inten 


Why phenol ta more acidic than ethyl alcohol? 

‘The anion of phenol is stabilized by resonance, The anion o! 

Generally, greater the stability of anion, higher the acidity. So, due to greater stabilizati 
itis more acidic and ethanol 


la is Ar-OH 


y resonance. 
‘of anion of phenol, 


(2) What happens when phenol 
Benzene is obtained by distilling phenol with Zinc dust 


Thappens when phenol is treated with bromine water? 
ous solution of phenol reacts with bromine water to give white precipitates 
ted colour of bromine water i discharged. This test is used for identification of phe 


of 2.4,6-tbromophenol. 
enol 


OH oH 


(+=, 22 “ote 


~ Stn oe ee a are a 


Noa i 


~ 


pe 


(CH ® 18: Alcohols, Phenols and Ethers 


The compounds in which both hydrogen atoms of water are replaced by alkyl or aryl groups are cal 
ethers, 


‘These have general forr 


Where R, ond R, are alkyl or aryl groups 
Ethers are classified into two categaries 
IfR, =Ry, the ether Is called simple or symmetrical ether. e.g. CH; - 0 - CH, 
If Ry # Ry the ether is called mixed or unsymmetrical ether. e.g. CH) ~ O - C:Hs 
a 
W) Common System of Naming 


In common system of naming simple and mixed (or metrical) ethers are names by naming the two gro. 


HyjC—O—CH—cH, 
Methyl ‘so-propy/ ethno 


HyCy—O— CH, CHy-CH H,C—CH,-O—CH;-CH, 
Ethyl a-propy) ether Deethy ether 


Exercise Q2 (ie) Write the nomencloture of ether by TUPAC myatem. 


© In JUPAC systorn of naming simple ethers are named by na 
followed by the word ether, e.g, 


CHs-CH;-O—CH;-CH, 


Diethyl ether 


@ the two groups linked to oxygen atc 


© Mixed ethers are named as alkyl 
forms the alkoxy substituent. 


Examples 


derivatives of hydrocarbon, The smaller alkyl group along with oxyse 


12 heey Wye) 
CH;-CH;-O—CH;-CH, CHs-O—CH;-CH;-CH, 
‘-Ethoryethane 


1-Methaxypropane 


CHJOCH(CH,)CH, cH : 
1 
A CH;-C—o—cH—cH, 
cH;-o—CH—CH, R if a 
! CH, CH, 
CH, ‘2-is0-Propoxy-2-methyipropane 
2-Methoxypropane 
f 
ee ar) 
ty CHs-O—CH;-CH—CH, 
‘-Methoxy-2-methyipropane 
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PREPARATION OF ETHERS 
WILLIAMSON'S SYNTHESISM = 


~ R—0OW + Na + R—X - 


V> R—On + Na Ss ee 
DB R—ONa +~R—X = R—O—R + Nax 
CH,-OH + Na + CH,-C! — CH.—o—CcH, + Naci+ 34, 


} 
. 
| 2) FROM ALKYL HALIDES AND SILVER OXIDE} 
‘Alif halides are heated ut t ow) 


(CH @ 18 Alcohols, Phenols and Ethers 90) College Chemisty: Federal Booty} 
* Primary alcohols react through $2 mehconism 
SF 
CH>-CH>OH 


CHrCHrOH 4 cHpCHPO-—H = —= CHy-CH>O=CH;CH, + H,0 
i) al y) 


ae PA 


| 


4 
' 

CH;-CHy-O—CH;CH, + H,0 
+ Secondary oleohols react by SN,-mechanlsm 


* f 


CH;-CH-OH CH-cH-O-H | —> cH;-¢H + o-H 
1 
CH, cH, 4 CH, Ht 
Isopropy! alcohol 
= 


| 
eo cup chSo—cH—cH, + H.0 


CH, CH, 


| 


CHs-CH-O—CH-CH, + 4,0 


CH, “CH, 


Diisopropy! ether 
‘+ ter-Butyl ond ethyl alcohol give one ether. 


+ Two different primary alcohols give three ethers when treated with H,SO,, 
CH,CH,OH + CH,OH + CH,OCH, + C,H,OC,H, + CH,OOC,H, 


solvent. 
Ethers are soluble in concentrated sulphuric acid, a characteristic of oxygen containing compounds 
* property is use a atest to distinguish between ethers and saturate Myerocarhone at 
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a 


“The more réd an area is, the higher the electron der blue 
the lower the electron density 
Ihe etheral O atom isa region of high electron density (red) due tothe 
| Ether oxygen atoms are Lewis bases, 
ible an alcohol -OH group, the -OR group is a 
‘converted to a beter leaving group before substitution can occur 
‘most important reaction of ethers is their cleavage by 


ne pairs 


jow ethers show resistance to oxidation? 
Ethers are resistant to attack by the usual chemical oxidiz 


A species with 
charge on ox 


‘The oxygen atom of an ether molecule possesses unshared ele 
rm oxonium in, which reacts with I to form R-OH and Ri 


(1) Hone te diethy) ether prepared In the lob 
CW-OH + Na > ¢H 


L a 


s 
CMyOhe +> C,H—*——= cH-0—C,H, + Nak 


(2) What are symmetrical and unaymmetrieal ethers? 
The compenunds in which beth hydrogen 


These have general fe FR, 
fe, My Ry th 


I Ry # Ry the ether i called mized or unsymmetrica 


ether is called umple or 


(2) What ta Williamson's synthests? |! 
OW + Na - 


cM; C,H-ONa + 7H; 


(siigge At 
C,HeONa +” CH —* 
4 


- C,H-O—C,H, + NaX 


Owe 
a 
IME IMPORTANT CONVERSIONS 


Mi Methunel nto. ethanol 
‘hea 
Wyc—on + ey Chinen 

methanol 


acncr = + 2No | Sh 
nyo—cH, + ci, vom, 


HyC—CH,-cl + KOH — "UOUR. 


cH, cr + 0 
Hyc—cH, + 2Naci 


Hyc—cH,-cl + HCI 


HxC—CH;-OH + KCI 
ethanol 


Ethanol into methonot 
MyC—CH;-0n + Her 7S! neat 
ethanol 
mc—cH,-cl +KOH = —e> 
no, 
C= CH, — 
wzn/4,0 


HsC—CH,-Cl + H,0 
Hc—=cH, * KC + 1,0 


2 #—C—H 
formaldehyde 


HyC—OH 
‘methanol 
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Ken; fi 

CHy—CH-O + [0] ——e  cHy—C—H + H.0 
nara! HO, 


cH, [— eee cH, 
6- A 34 38 ether a) Br 
CA-Mg-8r FCO cH c—oriiger = Cho — Ont 
Yu ma 
W 


- cad Hon 


cmon + 2m —= 20,N,0Mmes He 
—- chr oc,w, + ‘Nabe 


‘Sodium ethoxide Methyl ethyl ether 
F Methy! bromice 


{01Ethy! alcohol to ethyl todide 


cHy-cH-on + Her SIM cH,-cH-cr + HO 


‘ethanol 


aqueous 
CHycHy- cl + Nate CH CH + NaC 


SOCIETY, TECHNOLOGY AND SCIENCE 


| ANTISEPTICS AND DISINFECTANTS Beene 
“Aniseptics and disinfectants are an essential part of infection contol practices and ald inthe prevention of 
‘nosocomial infections 

‘They are extensively used in hospitals and other health care settings for a variety 


application. 
Fruite verity of active chemical agents or biocides ae found in these products many of which have been 


used for hundred of years for antisepsis, disinfection and preservation. 


In general, biocides have a broader spectrum of activity than antibiotics. 
‘use of antiseptic and disinfectant products has promoted some speculation on the 


The widespread 
development of microbial resistance, in particular cross-tesistance to antbtics 
thoi rlcrobial activity of antiseplics end disinfectants can be influenced by mony factors e.g, formulation 


fects, presence of an organic load, temperature, dilution etc. 


of topical and hard surface 


| a} 
| Es 
= 
= 
ge 
g 
——— << - —-_  - —— 4 


‘growth and development of micro orgonisms. 
{or epplcation to skin, mucous membrane and inanimate 


‘kin. and wound, surfaces alter injury preparation of skin surface prior \o 
‘disinfection or surgical procedure and routine disinfection of oral 
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CHM 18 Alcohols 


Disinfectants 


Disinfectants were 

Today disinfectants are widely 
lero: organ 

Dininfectants chernic 
organisin, 


THER ~ AN EFFECTIVE ANAESTHETIC 
Before the advent of anaesthetics, surgery wav 
Hngeons were therefore only pre 

of a damaged limb that would otherwise be 
‘erude carpentry to it 1 sophitieated form 
Three of the most imporiant early anae 
(ethoxyethane, CH\CH,OCH,CH,) ane 


‘and non-flammable, but 1 only prod 


yl derivati 

for alcohol is ROH, for F 

ually named by replacing ‘e’ 
oxidized 


Y alcohols can be oni 


Epoxides ore more reactive than simple ethers, 
In IUPAC systern, ethers are nanned as alkoxy 
Jn contast to alcohol, ethers 0 

ble in water while ph 
General formula for aleobol #5 OH while fo 


Meth! aleohol has proved to be exce 
Ethyl alcohol may be the 
Ethy! alcohol is also named ns wi 
Fuel oll 
95% ethyl aleohot is known as rectified sp 
wlene glycol is the major comp 
Giycerol is an excellent moisture ret 
foams and tooth pastes, 
Bakelite (plastic) is phenol form aldehyde res 
Phenol, Is used as starting material for deug 
dyes 


pls are spa 


College Chemistry: Federal Boor: py 


N,O), et 
Nitrous oxide is non 


duces deep anaesth 


natic hydrocarbon 
1, and for ether itis ROR 
e with “ol 


tom and a H atom via « bonds 
10) versus ROH (pKa = 16 to 19) 
16 - 20), but less acidic than carboxylic acids 


etivatives of alkanes, 


uly soluble. 
8 ALON. 


factured by humans. 


beer and whiskey, 
ainly consists of amyl alcohol (CH, OH) 


‘or commercial alcohol 
ent in commercial coolants and anti-freeze, 
laining agent. It's used in vanishing creams, body lotions shaving 


$s such as salol, aspirin, phenolphthalein and several othet 


Diethyl ether has been used in surgery for anaesthesia 


Cyellc ethers are known as epoxides, 


ina, Ir Whleh compound shows hydrogen bonding? 
(a) GH, b) GHC ) CH-O-CH, CHOH 
2, Which compound Is called a universal solvent? 
(aHo (b) CHLOH i) CHOH ) CHyO-CH 
3. According to Lews concept gthers behave as 
Pala) (a) Acid @) Base Fc) Acid as wellasbase _{d) None af them 


“ns, 4. Ethanol ein be converted inta&ghonole acid by 


{a} methanol d) Props 
6" When phenol reacts with CH,COCI the product formed ts: / 

(a) Ether TBFAKohol ie) Aldehy Gy Ester 
7. Williamsons synthests of ethers fs superior to alcohols because It mokes 

(a) Symmetrical ethers b) Asy ers 

(¢) Ether at room temperature id) Both sym and asymmetrical Ethers 

A methyl phenol Is also called 

3) A eresol (b) Benzyl alcohol __(c} Alcohol ) Formaldehyde 

9. Which one of the following compounds does not contain carboxylic group > 

(@) Acetic acid ib) Formit acid ‘Bemuoic acid ) Pheri acid 
10. Hydrogen bonding ls maximum in 

{a) Diethyl ether (0) Ethanol c) Ethyl alcoh (6) Toethy! amine 

_AI-Which of the following compounds hove no attraction ot al with wot 

s (b) C.H:OH }CH.CH.CHOH ——_(d) CH,-O.CH, 


{ts correct? 


onds, | more aetdle than alcohols which statem 
iberates CO, wit 


Gx (8) Phenol turns blue litmus paper red b) A 
{c) Phenoxide ion is stabilized due to resonance _(d) Alkoxide ion is stabilized due to resonance 


carbonate solution 


xe a 


13, Carbolle acid Is treated with dilute nitric acid at 25°C, the product Is 

{ay o-nitrophenot (b) pinitrophenol ——_(c) m-nitrophenol ) Both a and b 
14. Oxonlum fon Is formed when 

{8} Ethnol reacts with Na metal —_—_(b) Phenol reacts NaOH solution 

{e}Ether is treated with HI (d) Ethanol is treated with oq. NaOH and iodine 
16_24,6-Teinltrophenot ts'commerciolly called os 


Ta) TNT (6) Picric acid (€) Carbolic acid id) Fumeric a 


17) Ane. ch) GOW 
LOH shows hydrogen bonding, since it contains OH group. |H,0 ie calle 
| 


(b) Base Jiv) Ans: (c) Oxidation 


ing to Lewis concep, a base 
or” specie. Since ether has lone pairs of electrons on} ethan 
sea OR, v0 con donate these eat #]KaC0> 


[Methanol is added to ethanol to make unfit for drinking, 


a) Both symmetrical and asymmetrical ethers | (vil) Ans: (a) Acresol 


‘alkoxide and an alkyt halide 


i 


Monohydrte ole chet 
Pulyiyalrte alcohols 

alcohol 

Classification of Monohydrte Alcohols 


CH>-CH-CH;-OH 
prop alcohol 


(W Secondary cohots 
In these, carbon atom attached to OH group. is directly attached to two carbon atoms. 
CH;-CH—OH CHs-CH;-CH—OH 
2-Propanct 2-Butanol 
CH, (see-Propy! atccnc) CH, (sec-Buty! alcohol) 


(ii) Tertiary aleohols: 
In these, carbon atom attached to OH group, is directly attached to three carbon atoms. 


CH, 


CH-C—OH 


2-Methyi-2-propanol 
CH, lerBuy sicono) 
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{i How are monohydrie alcohols classified? ey 
Monohydric alcohols ar classified into the following thee families: 


( Primary alcohols: 
In these, carbon atom attached to OH group, is directly attached to one or no carbon atom. 


CH;-OH CH;-CH;-OH CH;-CH;-CH;-OH 
Methanol Ethanol 1-Propanol 
(propyl alcoho!) 
{W Secondary alcohols: 


In these, carbon atom attached to OH group, is directly attached to two carbon atoms, 


CHs-CH—OH CH;-CH;-CH—OH 
2-Propanol 2.Butanol 
CH, (sec-Propy! alcohol) CH, (sec-Buty! alcohol) 
(i) Tertiary alcohols: 


Inthese, carbon atom attached to OH group, is directly attached to three carbon atoms. 
CH, 
CH;-C—OH 


2-Methyl-2-propanol 
CH, —_(ter-Buty alcoho!) 


lb) 2-Butene ls the major product when n-butyl alcohol Is heated with conc. H,SO,. Explain. 


-CH—CH, cone.H,80,  CH;-CH;-CH=CH, + 4,0 


=e ae 


“ability of alkene increases with increase in degree of substitution on double bond, Thus, highly 


d alkenes Since, L-butene is less alkylated than 2-butene, therefore, under acidic 
-butene. Hence, 2-butene isthe major product. 


eo. \ 
‘epee sermon" CHs-CH=CH—CH, 
1-Butene 2-Butene 
(minor) (majo) 
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+ 
—+ CH=CH, + H,0: 
carbocation 


Til Flow wit you bea bensene fro cohol hens! 
‘Benzene is obtain y distiling pi watt 


phenolate ion is stabilized by reso 
_fesonance sabilaation of alacude ia 


(cit) How will you differentiate between an alcohol and phenol? 

"These canbe dsstnguahed by following ways 

© Phenol gives white ppt with Bry water while alcohol does nat 
Remy Oe ae 


ar 
2.4 6-Tribromophenol 
( white pat ) 
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14 Alcshols, Phenols amt Fohers 


on 
Vigjwaite the nomenclatur 
see Poge 258 


1 of ether by IUPAC wy 


Why is phenol more soluble in wor 


1. How will you prepare alcohols on 
INDUSTRIAL PREPARATION OF Mrsveae 
Methyl ako 

200 atriowpt 


* In this process, a mixture of CO and 


. gh then taken to the reaction cham 


CO and H, reacts together to give methanol vapour 
+ These vapours are passed through a condenser 


to 450 ~ 500 


[over the world ethanol is prepared on industrial scale bythe process of fe 
Fermentation is a bio-chemical process, which occurs in the presence 0! ce 
micro-organisms such as yeast. 

Optimum temperature for this process is 25-35°C. 

® Proper aeration, dilution of solution and absence of any preservative are essential conditions for 
fermentation. 


ain enzymes secreted by 


{n Pakistan ethanol is prepared by the fermentation of molasses. starch grains or frust juices, 


\ 


Itis fermented by enzymes present in yeast to give ethanol. 


Cir Oy + HO ——m Cy Oy + CoH Oe 
yeest Glucose Fructose 
2ymase 
CoO, ——= 2C;H,OH + 200; 
‘Yeast Ethanol 
From starch 
2(CyHyOdn + nH,0 "Sac, Hn Oy 
Starch yest Maltose 
Ca Hiz Oy + HO ——e 26H Oe 
yest Glucose 
CyHy20, 2" 20,H,0H + 200, 
yest Ethanol 
Collection of Ethanol 


+ Analcohol obtained by fermentation is only upto 12%, 
= Itnever exceeds 14% because above this enzymes become inactive. 


+ This alcohol is distilled again and again to obtain 95% alcohol which is called rectified spirit. 


* Absolute alcohol is obtained by re-disillation of rectified spirit in the presence of CaO, which absorbs ®| «Li 


moisture 
Distinguish ethanol from methanol and ethanol from phenol. 


‘These can be distinguished by iodoform test 
: Ethanol gives yellow ppt. of iodoform on reacting with NaOH and ly 
Methanol does not give yellow ppt of iodoform with NaOH and ly 


CHsOH + 41; + 6 NaOH ——> CHl + HCOONa + 5Nal + 5H,0 


jodoform 
(yellow ppt) 


CHOH + |; + NaOH ——» No Yellow ppt. 


‘These can be distinguished by following ways 
. Phenol gives white ppt with Br, water while alcohol does not. 
4 He 
4,0 er 
Pa og + 3B 


2.4,8-Tribr 
+ Alcohol is neutral while phenol is acidic. “(white pot} 


+ Phenol gives deep purple colour with FeCl, while alcohol does not 
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Hou will you distinguish between primary, secondary and tertiary alcohols? Explain with reactions 

‘See Page 274 

Give IUPAC names and structures of the following compounds. 

“ec-Butyl alcohol (i) Lactic acid 


Bd 2 Picea 
CHy-CH;-CH—OH ¢H;-CH—COOH 
i 
CH; ‘OH 
2-Butano! 2-Hydroxypropancie acd 


Ter-Butyl alcoho! (iv) Tartarie acid 


antes. 1 
HOOC—CH—CH—COOH 
GH OH 


2.3-Dinydroxybutanediole acic 


The ethereal O atom is a region of high electron density due to the lone pairs 
Ether oxygen atoms are Lewis bases. 

Like an alcohol -OH group, the -OR group is a poor leaving group an 
Jeaving group before substitution can occur 

‘The most important reaction of ethers is their cleavage by st 


needs to be converted tc 


g acids such as HI or HBr 


Give at least two methods Jor the p 
Reaction of Benzene Sulfonic Acid with Hydroxide 


Sodium benzene sulphonate on fusion with strong alkali ike NoOH or KOM, yield phe 
$0,Na ONa OH 
: NaoH 4,50, S 
300°C tL 
Sodium benzenesluphonate Sodium phenoxide Pe 


‘Atsuch a high temperature, side reactions also occur 


Hydrolysis of Chlor 
" Chlorobenzene is hydrolyzed by heating wit NaOH at 360°C and under high pressure 
1 


e 
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7. How does phenol reac 


sh; 
(0 HNO, 
Phenol reacts with di, HINO, to give a mixture of o- and p-nitrophenols 
on on on 
No, 
+ 2HoWo, C + + 24,0 


2-Nitrophenol yg. 4.Nitrophenol 
or SUR: 
e-Nitropheno! p-Nitrophenoi 


Phenol reacts with cone. HNO, to give picric acid 


On ‘OH 
ON, NO; 
+ sno, A, + 34,0 
cone 
NO, 
2,4,6-Trinitropheno! 
(Pine acid ) 
(W H,S0, 
* Phenol reacts with sone. H.SO, at room temperature to give o- and p-hydroxvbenzenesulphonic acids 
© At 20°C c-isomer is formed in greater Percentage, while at 100°C, p-isomer is formed in sof 
percentage. 
Nid OH OH 
SOW 
+ 2Hs0, A, + + 2H0 
2-Hydroxybenzenesulfonic acid SOsH 
4-Hydroxybenzenesulfonic acid 
(MW) Hy/Pe 


Gyelohexano! 
() NeOH 

Phenol reacts with alkalies to form sats, eg, 
on 


ONa 
Orne — § A sat 
‘Sodium phenoxide 
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“te axonlum lon? Describe the chemicol reeethity of ether. 
‘A species with trivalent oxygen and carrying a positive charge on oxygen atom is called 


R 
\y 


— Oo—-H +.) Br 


_ (For reactivity of ether see Q5) s = 
lain following terms using ethyl alcohol as an example; ne 


‘an oxonium ton 


(0) Oxidation 
Aprimary alcohol is first oxidized to an aldehyde, which is further oxidized to a carboxylic acid, 

i 9 

; aA | 

CH}-CH—OH + [0] cH;-C—H + H,0 

} Ethanol 

K,6r,0, # H,80, 
‘P or CHs-CH;-OH + [0] aa CHs—CHO «+ -~H,0 
, 
(i) Dehydration 


‘Alcohols react with cone. H,SO, and give different products at different temperatures. 


HyC—CH "OF, — 
e ae H a0, Moai 


a 0 +H,0 
no—cHedy} 40°C dy, 
Diethyl ether 
(WM) Esterification 
| Esters are obtained by refluxing the'parent carboxylic acid with the approptiate alcohol with an acid catalyst 
3. a ° 
quit we 


CH;-C—oM + CHj,-OH ——» CH-C—oO-CH, + 4.0 
ia, heat 


ime 
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(W) Cone.H,S0, 

H:C—CH, cone. H,S0, 
<TC CH; + 4,0 
OH) 180 


WW Ne 

—+ 26H,0m" + 4H, 

pi dd Seadttuie * 
(iu) PCI, 


CHrcHr-OH + PCI, ——e CHr-cH;-ci + POCI, + HCI 


(to) CH,COOH 


9 
rs 
CHs-C—oH + C+H:—OH — coc, + 0 


(©) Soct, 


) an alcohol and a phenol 
‘These can be distinguished by following ways 


+ Alcohol is neutral while phenol is acidic. 
* Phenol gives white ppt with Br, water while alcohol does not. 


on - 
0. wrk sr 
‘on sor, + SHB, 


Br 
2.4.6-Tribromophenol 
(white ppt) 


. Phenol gives deep purple colour with FeCl, while alcohol does not. 
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i) on alcohol and an ether 
These can be distinguished by following test 
[cohols evolve Hi gas with Na metal while ether does not 


2R-OMN + 2Na ——= 2R-ONE + Me 


(du) methanol and ethanol 
These can be distinguished by 
Ethanol gives yellow ppt 
Methanol does not give y 


low ppt of 10 


’ C\HiOH + 4; + 6NaOH ——e CHh + HCOONs + 5Nal + 51:0 
} oot 
yeoow pet 


CH,OH + |; + NaOH ——@ No Yellow ppt 


(Wo)@ terttary alcohol and 0 primary alcohol 
These can be distinguished by Lucas Test” 
When Lucas reagent (HCI + ZniCi,)'s added to an alcohol 
Tertiary alcohol forms oily layer of alkyl halide immediately 
While primary alcohol forms oily layer only on heating 


2ncl, 
R—CHy on + Hol — R—ch,-ci + 4,0 
‘beat 
R 
2ncl, | 
R—C—on+ HCl —= R—c—cl + 4,0 
immediately | 
R 


while 2-propanol is secondary alcohol. These can be distinguished by 


Lucas reagent (HCI + ZnCl) is added to an alcohol, : 
2-propanol forms oily layer of alkyl halide within 5 ~ 10 minutes, 


CHy CH, 
Hs Encl, | 
H,C—CH-OH + HCl ——> -—CH—-ci + H,0 
2-Propanol youn 
While 1-propanol forms oily layer only on heating 


CCH CH, On + He! — H;C—CH,-CH,-Cl + HzO 
‘1-propanol homed 
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12. Give 
0) 


ison for the followings: 
thy! alcohol Is a liquid while ethyl chloride Is 0 ga5-— 
Ethyl chloride his weak dipole-dipole for 


white, 


Due to strong H-bonding in ethanol, jts molecules are tightly held together. Thus, ethanol is a 


while ethyl chloride is gas. 


(H) Ethanol has higher boiling point than diethyl ether. ————— 
Ethanol has strong hydrogen bonding, while diet 


Due 6 strong H-bonding in ethanol, its molecules aetightly held together. Thus, it is di 
‘ethanol than diethyl ether, Hence, ethanol has higher bolting point than diethyl ether. 


(U1) Absolute alcoho! cannot be prepared by fermentation process. 
‘Absolute alcohol can not be obtained by fermentation process. It is because 
CSzyme of yeast becomes inactive and process stops, > 
—Actually,-aleohol obtained by fermentation process is only upt 
Cty distilation to about 95% called Teal Sat Fe ‘spirit. Rectified 5 
“absolute alcohol. 


(We) Ethanol gives different products with cone. H;SO, under different conditions, 


_Z, Ethanol gives two types of product in different conditions 


higher conc. of alco 


cone. H,S0, 
H;C—CH,-OH = ——e HyC—=CH, + H,0 
490% 


H3C—CH; 


yrether 
(v) Water has higher boiling point than Sake S 
In water, two hydrogen bonds are formed 
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OBJECTIVE 
Marks: 17 


£20 Minutes 
er wning, cutng.ersing, using lead per wil esl loss of marks 
circle the correct option i.e, A/B/C/D. Each part carries one mark, 
‘Which one is the general formula for monchivdric alcohols? S 
A.GyH,,0H B WOH C.CuHyz0H CD. CH,,.,OH- 
Ate pit contain alco at about BER se 
“KOR —__B.100% C.955 D.85% 
Fermentation of starch to gige aleghotatcurs mainly withthe help of a 
RO, BAe C0, DiEnumes 
“The compound ‘Bin the following sequence of rections <=> 
‘CH,CH,CH,OH + PCL -» A + ale KOH 9B Fe 
“> Propyne Bu Propens. C Propane D. Propanal 
book ac wits chore the presence ofa base to form an? 3S 
Acid “B, Acohol —C. Citric acid Rc Ester 


‘An industrial method for preparation of methanol is 
A x 
'B. By reacting methane with steam at 900°C with a Necatahst 
. By reducing HCHO with aqueous NoOH solution 
D, By reducing HCHO with LAIH, followed by bydrobss 
Ethanol is denatured by adding — > 
——=A-Mathanal — fe 7 


B. asan ant freezing agent 
, for denaturing of ethyl alcohol 
Whe with CHyCOC the product fomed 3 ' 
“A Ether ~~ B, Akcohol CAdchyde CD. Ester 
Wiliamsons synthesis of ethers is superior to alcohols because it mekes 
B. Asymmetrical ethers 


. Phenony ether 
D. Toethyl amine 


pean on gon iene ne ed 
onitophenol —B. prnitrophenol_C.both's' and b’—D._pleric acid 
Which one ofthe following compounds does nat contain carbonic group.” 

A. Acetic acid B. Formic acid C. Pleric acid 4 D. Benaoic acid 


(ean a reaction CyHy-O-C,H, + HI -+ X, then X should be 
‘A. C\H,OH only BCH) C.C\H,OH and C,H! D No reaction, 


Total Marks Section B and C: 68 


o 


the process, temperature and enzymes used for the above process when ethanol is prepared Irom the sive of 99%) 
a 


TE esol can be prepred bythe proces Why? a 
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© reason. 15 
15 
aS on 
a ligu 
: chal dsras in wae? a1 
. em by Willamsons Synthesis is 
Wiper Ener sghy oben water? 
What 3 déference between alcohols and phenols? oF 
What ere menahydne and poiyhydnic alcohol? aL 
‘We surewres cf so-buyl alcohol and sec-butyl alcohol 
1x) How ethanol s prepared from march? Wit all balanced equations and conditions 03 
ix) & Whats rected spit? oO 
1b. How ecified spr may be converted into absolute alcohol? 02 
(3d) & Why lower alcohols are soluble in weter? 15 
1b, Why meting and boing points of alcohols are higher than corresponding alkanes? 15 
i) Alzobala give variety of reactions 
‘2. During reections of alcohols, under which conditions C-O tbond breaks 15 
6, Under which conditions O-H bond breaks during reactions of alcohols 15 
(ili). Wy tertiary alcohols are resistant towards oxidation? oO 
'b. Alcohols react with H450, to give different products a dllerent temperature. Give equations. 02 
(xv) ©. What Lucas reagent? How wil you differentiate between 1-propanol and 2-propanol by this reagent, 
@ 
b. What is Dow's process? o 
ev) a. How wil you dilferentiate between methanol and ethanol oO 
White down the structural formulas of ()) Carboic Acid (i) Pirie Acid oO 
Give two uses of methy alcohol a 
(isi). Write IUPAC names ofthe following compounds: A. (CH), CHOH  B. (CH,); CH CH, OF 
B._How sl you cbs phe rom bevomeadpbon ach MO 
(evila, Alcohols and phenols both have OH group but phenols are more acidic than alcohols 2 
'b, Give one reaction of phenol in which i cts as an acid o1 
(eae. Prepare benzene and picrc acid from phenol? a 
'b. How will you diferetiate between an alcohol and phenol? DL 
‘6. Water has higher b.p than alcohols. Why? cy 
(3ix)a. How vl you obtain bakelne from phenol? fe 
'b. Ethyl alcoho! is liquid while methyl chloride is 9 gas. i 
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4 18: Alcohols, Phenols and Ethers 
‘Section -C 


te; Attempt any TWO questions. All questions carry equal marks. (2 «13=26) 


4. 


Q.9. 


{2) What happens when 
(i) Phenol is treated with acetyl chloride 
(i) Ethanol is reacted with ethyl magnesium bromide 
(ii) Diethyl ether is reacted with PCL, 
(i) Ethyl bromide is heated with silver oxide 
(b) Give IUPAC names and structures ofthe following compounds 
(i) sec-butyl alcohol ) Lactic acid 
(ii) tr-butyl alcohol (iv) Tartare acid —_(v) Dipheny ether 
What is an Esterfication reaction, 
4, Whatare simple and mixed ethers? 


18, Show by reaction and diagram the industrial preparation of Methanol 
How does phenol reacts with 


() HNO, (i) HySO, i) HyNi__(v) NOH 
How does methanol reacts with 
() Soc, ) PC, (il) NHy_—_(iv) CH,COC 


. Give four uses of phen. 


[Explain hydrogen bonding in alcohols, phenols and ethers? 
‘What is oxonium ion? How it can be generated from ethers? 
‘How may alcohols be oxidized? 

Cany out the following conversions 

(i) Benzene to cyclohexanol (id) Ethanol to ethy! odide 
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College Chemistry: Federal Board 


CHAPTER # 19 


ALDEDHYDES AND 
KETONES 


‘Organic compounds containing the carbor 


ALDEHYDE 


Funetlonal Grou 
Structure Formula: 


General Formula: 
Occurrence: 


Examples: 


In aldehydes, the C-atom of carbonyl group 
‘An aldehyde may be represented by the general formula structure 


ioe 
] 


c. 
R~ H 


The homologous series of aldehydes have general formula C,Hes 
Aldehyde groups are present in most sugars. They are the principal constituents of a 
‘number of essential oils used as fragrances and flavors. 
it ° 
H—C—H —CHy;-C—H 
Formaldehyde Acetaldenyde 


Functlonal Group: 


‘Structure Formula: 


{In ketones, the C-atom of carbonyl group is bonded to twp carbon atoms called ketonic 
group. 


Acketone may be represented by the general formula ‘structure 
c. 
Ra TA 
‘The homologous series of ketones have general formula C, H,,0. 
Ketonic group is present in camphor and fructose i 


° 


cH;—C—CH, eee 
Acetone (Methy! ethy! ketone 
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NAMES: — 


| An aldehydes is named after the name of carboxylic acid abtained on its oxidation, the ending ~1e actd is 
| replaced by aldehyde 
} ° ° 
SCH C—H from CHy-C—OH = CH;-CH-C—H_ from CH;-CH;-C—OH 
eetaldehyde Acetic acid Propionaldehyde J 
Propionic aed 
| ° ° 
on) CHs-CHy-CHy-C—H from CH;-CHy-CH;-C—OH 
Butyraldehyde Butyrc acid 
+ For naming substituted aldehyde, the chain is labeled by using a, 7 te 
|The carbon next to carbon ofthe carbons! group i indicated by u'and so on 
9 
én GH-GH-C—H 


by-bH-CH- oH 


cl CH, 


{-Chloro-a-methylbutyraidehyde 


CH, 
f-Metnylbutyraldenyde 


Ty "The longest carbon chain containing the aldehydic group is taken as the parent hydrocarbon 

62, The ending ¢ of the alkane is replaced y al 

3, The numbering starts from the carbon atom of the 
{s always carbon number 1. 

4. The position of the substituent 


carbonyl group. The carbon atom of aldehydic group 


is indicated by numbers which is written before their number. 


° 
i 

Feat Se 

CH;-CH—CH;-C—H 


-Hydroxybutanal 


4 co 
cH of ll gh F 
SS es oe “ioe ae 
Cintas: CH;-CH-C—C—H 
Sty Be CH, 


2,2-DimethyIbutana 


£ 
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° 
fi 


a aria 
Binitaey:2:/ Vy —CH-CH-C—H Ff ¢ 
CH;=CH—CH;-C—H Lact 


CHW 19: Aldehydes ond Ketones 


3-Butenal cH, CH, 
3.4 Ditmethyl-t-pentenal F 
+ Ketones are oars oe a ack names of alhy group Inks 
carbonyl carbon in alphat : 
° ° if 
cH;-C—CcH. CH;-C—CH;-CH, CH;-CH;-C—CH—CH, 
chnaivinena’ Ethyl methyl ketone ie 


Ethyl isopropy! ketone 


CH, O CH, 


a) 


CH;-C-——C—C—CH, 


rc 
CH, CH, 
Ditertianybuty! Ketone : 
+ Substituted ketones are named by labeling the chain using a, fy .. ete, The carbon next to carbon © 
carbonyl group is indicated by ‘a and 80 09, €.g. 
cH, 9 g ° 
6n;-GH-c—én, ci—bn-CH-c—én, H;-2H-c—én--oF 
‘Methyl a-methylethy! ketone Methyl! B-chloroethy! ketone ‘achydroxymethy! ethy! keto 
{BL IUPAC NAMES: 
1, The longest chain containing the carbonyl group is taken a parent hydrocarbon. ( 
2. The ending e of hydrocarbon is replaces by one 
3. The numbering starts from the end that gives the carbonyl carbon the lower number. In cyclic ketone 
carbonyl carbon is number 1 
4. The positions of substituent are inated y ramen belo the name. 
° 9° 
i gual 
CH;—C—cH, CHs—C—CH;-¢H, CHs-CH-C—CH—CH, 
Propanone 2-Butanone 2-Methyi-3-pentanone 
cH, 
1 
° cH, 8 ° CH, 
i Ng psa i 
z oo 7 ee | 54 
bH-6—GH=u- én, Y SLICER es ol rene in : 
3-Penten-2-one ch, 
Ib H, Hy 
2.5-Dimethy!-5-hepten-3-one_ ‘3-Methyi-2,4-nexanedione 
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° 
i] t 
4 
bn, —é—GH GH CH, Guy GH—C—CH,-CH,-CH, 
2-Pentanone 3-Hexanone 


° ° 
nN i) i 

- eS ae Hates ened 

GHy-CHy-C—CH;-C—CH, | durdué—tn- CY 


| 
= 
= 


st a = a —— 
ic) Saat avin 
W 
ee ae oe 
CH;-CH;-CHy-CH-C—H GH;-GH-C—CH>-CH, 
Pentanal | 3-Pentanone 
(  OHC—CH;-CH;-CHO 
q Or 
Cer birt, a me 
4-Phenylt-butanone H—C—cH;-cH;-C— 


Butanedial 
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‘MORE PRACTICE 
ALDEHYDES “aN eae 
CH,CH(CH,)CH(CH,)CH OHC CH, CH(CH,) CH, CHo 
5 ° 
é, oh 8 Ope ed 
See éH-¢ H | H—C—CH>-CH—CH-C—, 
/ | 
cH, dey CH, 
3.3.4-Thmethylpentana \ 3.Methyipentaned 
SS me 
° 9 ° 
nt " “ 
pa Wee Went GH-GH-CH,  H=¢H—GH—GH—CH-C— 
€H=CH—GH—CH-C—H H—C—CH—CH—CH,  CH=CH—C 
CH, CH, OH CH, OH 
3Methyl-4-pentenal 3-Hydrony-2-methylbutanal 3.Hydrony-4-methy/-5-hexenal 
KETON. 
9 CH, O ° 
t ro nT 
Pee a iy a | AD) CS eerie) Meant ea. 
CHs-CH—C—CH—CH, — CHy-C—€—CH—CH, CH;-CH—C—Ch, 
cH, CH, cH, CH, OH 
2,4-Dimethy!-3-pentanone 2.2,4-Trimethyl-3-pentanone: ‘S-Hydroxy-2-butanone 
oO ° °° 
ny V i 
ace ihe ee i Pees Saar Sale 
CHs-CH—C—CH—C—CH—CH, CH=CH—C—CH;-CH, 
1-Penten-3-one 
CH, CH, CH, 
2,4,6-Trmethyl-3,5-heptanedione 
° ° Fa 
t yak q 
eee gent Tals tenet g ey at ee 
CHs-C—CH—C—HE, CH=CH—C—CH=CH, 
1.4-Pentadien: 
OH CH, thee 
‘S-Hydroxy-5-methyl-2,4-hexanedione 
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cue 


The C = O bond has polar nature due to the electronegativity difference of the atoms 
+ The polar nature of the C=O means that dipole-dipole interactions will occur 


«The C=O bonds cannot form hydrogen-bond with each other. However, the C=O can accept hydrogen 
bonds from hydrogen bond donors (e.g. water, alcohols) 


‘The results of these effects are: 
© higher melting and boiling points compared to analogous alkanes 
@ lower boiling points than analogous alcohols 
‘© more soluble than alkanes but less soluble than alcohols in aqueous media 


suc i E 
«The carbonyl group consists of an O atom bonded to a C atom via a double bond. 
+ In-carbonyl group both carbon and oxygen are spé — hybridized. 
«Asigma bond is formed between C and O by the overlap of sp hybid orbitals of C&O 
+ Two lone pairs of oxygen are present in two sp* hybrid orbitals, while carbon uses is hwo spt hybrid 
orbitals to form bond with other groups like alkyl groups (R) 
© Both C and O contain one unhybridized p ~ orbital each, which overlap sideways to form a pi-bondl 
«Three groups attached tothe carbonyl carbon lie in same plane with bond angles of approximately 120?. 


120° 
i 
R 120° 


+ Electron density between C and O is not equally shared. 
a COnygen duet is rater elactonegatity, tracts charged doud more fers Asa result 
4 | aie ince 


ke 
| 
| 
| 


B3 wy neni esr ‘ 
PREPARATION: EHYDES AND KETONES 


Reaction type: Electrophilic Addition 


+ Overall transform: c=c c=0 


Step 2: 
‘The cyetic species called the mol 


° 
\ 
st 
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'¢ Enol forms as intermed: eres 


CH=CH + H—OH 


| HO 9 
2 Semmens I 
CH=CH =— CH-C—H 
«©  Propyne gives acetone: OH 
Be 8 N50, 
k H+ H—OH =  CcH=C—CH, 
1,50, 


This reaction is usefu for preparing methyl aryl ketones 
aes OH 
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9 Aldehydes and Ketones 


Vin 
CHs-CH>-CH-CH-OH | + | [0] 


# Secondary alcohols are o 
> mcx0, 
CHy-CH-OH + [OJ ——e . 
A cone H,S0, ‘ 
CH, ’ 
(4) FRIEDEL-CRAFES ACYLATION OF BENZEN. ‘ 


+ Itis the substitution of acy! group in an organic eompound in the presence of AIC, or son 


Benzene fern Alkyl ary! ketone 


° 


8] MCls generates acylenium ion (R—E* . electrophile) which is subsiuted in the aromatic ring 


xercoe Q9() Whot ts thereat of the carbons group? 


REACTIVE 


; The double bond af the carbonyl group hada o-bond anda = bond.) 
*  Asonygen is more electronegative; it attracts the 
(welectrons to itself. This attraction makes the 


Earbowy qoup a polar group, = 
* The oxygen atom has a partial negative charge pe Oe NGS 


el 
on It and the carbon atom has partial postive A aoe 
chorge Be Niece 
+ Hence, it makes oxygen atom. nucleophile and cognac ere 
carbon atom becomes electrophile apie 
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cit # 19: Aldehydes ond Ketones 


REACTIONS OF ALDEHYDES AND KETONES 


NU 
ne cere al reaction of 


on 
H— Nu N Nu—C—OH 
X H 


' Reactant 


There are two types of nucleophilic addition reactions of carbonyl compounds 


(0) Base catalysed nucleophilic addition reaction 


{(w Acid catalysed nucleophilic addition re 


BASE CATALYSED 
‘A base catalysed nucleophilic addi 
‘The base reacts with the reagent 2d generates the 

The addition is initiated by the attack of a nucleop! 


leophilic reagent 


‘on the electrophilic carbon of the carbonyl group. 


== 40 + Mu: 
Nucleophile. 
o 
eae 
4 Ne ys 
San aida Nu 
oo on 
BY 8 
24 + HoH =— NS + HO" 
His 
S Mu Nu 


“There are five types of base catalysed nucleophilic addition reactions of carbonyl compounds 
(1) Addition of hydrogen cyanide 
(2) Addition of Grignard’s reagent 
(8) Addition of sodium bisulphate 
(4) Condensation reactions 
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Formaisenyoe maisenyse cyanchys 


CH, 
Nae b> 5+ 5: 
c=0o + H—CN 
7 
Acetaidenyse 
cH, CH; OM 
Nia aE seers x 
— wen ON Bos 
ch, cH, oN 
peer Acetone cyanohydrin 


2-Hysroxy-2-m 

‘The reaction is used in the synthesis of a-hydroxyl acid. These acids contain o 

number of carbon atoms in the starting aldehydes or ketones. 
OH 


thylpropanenitrile) 


carbon atom more thai 


OH 
T 


A 
H,c—cH—cN + 2H,0 + H,80, —=H.¢—GH-dooH + NH,HSO, 
‘2-Hydroxypropanenitrie ‘2-Hydroxypropanoic acid 


Exercise Q2 (it) What Is the mechanism of HCN addition to carbonyl compounds? FF 
Mechanism 
The reaction is base catalysed. The base (OH') generates cyanide ions which act as nucleophile 


Ho” +" HEN == H,0 + én 
= Nucleophite 


FS Wad 
c—=0 + Cw == 
S bes oN 
ae 
cs. Nd 
c + #—-OH == ra = 
Vine we ini: Sas 


CN 
The hydroxide ion liberated reacts with undissociated hydrogen cyanide. Thus, it produces yal 
ions, which in tum react with more carbonyl compound. ree 
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mnt to formaldehyde. acetaldehyde and ketone? 


ape ves & form adduct add sduet) wh re 


‘a diute mineral acid give alcohols 


«| ~ 
2 cH c—0 ger M2 cH-c—on + Me 
H | 
1} H i; on 
cH, any cH, 38 


Hi 


=O 28 cH,-C—0 MgBr L chy-e—On + Mg 


| i 
4 H " on 
7 cH, a 
a) Y 
HO=N cH-c—On + Mg 
OM ! Ow 


cH, 


‘Adehydes and small methyl ketones react with a satura 
‘aystalline white precipitate of sodium bisulphate adduct 


aN 
HH °s0,Na 
Bisuiphite addition product 


oe : CH, OH 
= + NaHSO, —~ a 
é as. 
H pcetaldenyde H S0,Na 
Bisuiphite addition product 
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CH. CH, OH 

N poe 
c=0 + NaHsO, —> c 

7, 

HH, Acetone 


ES 
cH, “SO,Na 


hite addition pro 


‘© Bisulphite on heating a dilute mineral acid (HC! or HSO, 


ots OH Ces 
é + Heo) te ‘c—=0 + NaCl + H;0 + so. 
/ 7 
bs SOiNa Acetaldehyde 
Bisulphite addition product Sere ve 


‘© The reaction is used for the separation and purification 


‘compounds such as alcohols. 


bony! compounds from nor 
‘Besreioe G2 (n) Glee the mechanoot of oddtion of sadlum Bloulphate to Keiones 


© Sodium bisulphate ionizes to form sulphate ions. 


NaHSO, =—~ 50-0 + Nat + Ht 
Nucleophile 


* The sulphite in acts as a nucleophile, since the sulphur atom is more nucleophilic than oxygen, a CS 
formed. 


o 


eas 
SO, 0 wat 


Proton is attached to the negatively charged oxygen atom to form bisulphate addition product 


— 4 5 m \ yok x noe 
i eo sits — ce a 
50, 0 Nat SO, O Nat eS 50,N 
Bisulphite addition product 


. Ketones in which both ally aroups are larger than methyl do not react with sodium bisuiphite 
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(4) CONDENSATION REACTIONS} 
The reaction In which two molecules of the same or different compounds combine to form a new 
‘compound with or without the elimination of a small molecule like H,O or NH, ore called condensation 


reactions. 


gat cif cteaatoatog eng Diu wena 


Exercise Q3 (Ww) Define 


‘CONDENSATION 


(a) ALD 


= 3 a a ‘ 

‘Aldol condensation Is a reaction in which two molecules of same or 
levcuains ctpsouen (npdrogenctoched to the crbon stom nest to carbons group) combine together to. | 
from aldol or ketol, which usually loses water molecule. | 


Mild Alkaline conditions: 
‘Adal condensation takes place under mild alkaline conditions, for example in the presence of sodium carborate, 
sodium bicarbonate, barium hydroxide, dilute sodium hydroxide or an alkoxide in low concentration. 


Types: 
Aldol condensation can occur: 
| {Between two aldehydes (identical or dierent) 
(Wy Between an aldehyde and a ketone 
(it) Between two ketone (identical or different) 


()) Condensation between two aldehydes: 


Ethanal 
H. 3Hydioxybutanal 
Bhel , ee ( Aldol ) 
(Acetaldehyde) 


(On heating aldol loses a molecule of water to form a, -unsaturated aldehyde 


1H. 9 ° 
Heat pow 
CHy-G—CH—-C—H —=  CHy-C=CH—-C—H + H,0 


aHydroxybutanat 2Butenal« 
4 (Aaa) 1 ( crotonaldehyde ) 


(W) Condensation between aldehyde and ketone: 


° OH oo 
I 


i 
CHy—cH,-c + 
Poe 


H—CH;C— CH, CH;-CH;-C— CH; C— CH, 
Acetone 


4-Hydroxy-Zhexanone 
(Keto! ) 
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(iN) Between two ketones 


OH o 
° 
I i ato i 
ay, + H—cH;C—cH, == | fr 
Propancne ea 
CH ‘Acetone 3 
Sa : TC iisoc) ety veriaone 
(Acetone) 


Mechanism of Aldol Condensation: 


Following steps are involved in aldol conden: 


(1) Removal ofa proton from a-carbon of aldehyde'ketone by base: (Formation of nucleophile) 


PSG mf o 
* ‘al rll 
foe CEST Th Oa a ea 
Ethanal Carbanion 


(2) Attack of nucleophile on carbonyl carbon to form alkoxide ion: (Formation of alkoxide ion) 


1H Atalkoxide ion 


(3) Removal of proton from water by alkoxide ion. (Formation of aldol) 


o 
ft OH o 
Bt a- 
CH—C— cH, 
i eo te Chee CHs—C— cx, ot 
H 


H 3-Hydroxybutanal 
(Aldot ) 
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) CANNIZZARO'S REACTION: 


(p) CANNIZ2 NS ACTION: __ eer 
| Aldehydes having no a-hydrogen atoms undergo Canizzaro's reaction. 
Itisa disproportionate (self oxidation-reduction) reaction. 
§ Twomolecules of the aldehyde are involved. 
{One molecule is reduced into corresponding alcohol and the other is oxidized into the acid (in the salt form) 
| Thereaction carried out with 50% aqueous solution of sodium hydroxide at room temperature, 


° 
2H-C-H + NaOH —» CHOW + H—l— dat 
Formaldehyde ethanol ‘Sodium formate 

q ie 
C—H CH;OH C—ONat 
2 + NaOH —~ OQ bg 
shaaieetnde Benzyl alcohol Soxium benzoate 


‘Mechanism of Cannizzaro's Reaction: 
The hydroxide ion acts as a nucleophile. I ataches on the electrophilic carbonyl carbon to form a complex 


1 ee 
NZ 
— ex (Anion) 
H OH 


‘The anion transfers a hydride ion to second molecule of formaldehyde. 
‘The presence of the negative charge on oxygen ofthe anion helps in the loss of hydride ion. 
9 


i H 
H Hoo 
poh Nee 
sels ON ars Saat + W—C—on 
x HH) oH It nome acd 


IY The methoxide ion acts as a base and abstracts a proton from formic acid to form methanol and formate ion, 
| The formate ion in the presence of alkali gives 2 sat of acid. 


° 


Il 


Peete HOH + O—C—H 
Yu 


Formate ion 
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CH # 19: Aldehyiles und Ketones 


Exercise Q3 (v) Give detail uf hal 


action. Why It Is called se 


(5) HALOFORM REACTIO! ij 


© On lehyde and n 
loform (chloroto. 


° 
{I 


R—C—Ch, + 3%: + 4NaOH —= CHX, * RCOONa + 3NaX 


ReAlkyl or aryl or H 


f 
CH-C—H + 3h + 4NaOH —= CH + HCOONa + 3Nal + 340 
Acetaldenyae SS pals 


oO 
es l , +31; + 4NaOH —= CHI, + CH,COONa+ 3Nal + 340 
Hs C— CH, * 31: 

‘Acetone lodotorm —Soxium acetate 


‘+ Secondary alcohols containing the methyl group also undergo this rea 
alcohol that gives this reaction 


OH 1 
| A and 
R—CH-CH, + 41, *6NaOH = CHI, + RCOONa + 5Nal + 5HM 
‘Secondary alcoho! Jodoform Sodium carboxylate 
H,C—CH;OH + 41+ 6Na0H “= CHk + HCOONa + 5Na) + 5H : 
ens tedoform sodium formate 
Fe 


‘+ Halogen reaction, is a convenient method for converting a methyl ketone to a carboxylic acid contain 
carbon atom less than parent compound, 


IODOFORM TEST ot 


‘+ Itis halofrom reaction in which iodine and aqueous sodium hydroxide form water insoluble 1% 
(a yellow solid) 

+ lodoforum test is used for distinguishing methyl ketones from other ketones, 

tis also used to distinguish ethanol form methanol and other primary alcohols, 

‘© Itcan be used to distinguish acetaldehyde from other aldehydes. 
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The addition is initiated 
J > increases the elcrop 

tlectophilc carbon becom 
| There are three types 


| : = 
\ ‘ayaa awa aes \ a 
w, Proton We y, 
h 
/ NY beara \ Me 
| = 6—n + te a OC 
| ae) Veen 
a4 
(1) Polymerization 
r 


{2) Addition of ammonia derivatives 
(3) Addition of alcohols 


Both formaldehyde and acetaldehy of dil, HSO, to give metafommaldehyde 


and paraldehyde 


3HCHO or i as 


Metatormaidenyce 


oO. Tae 
ARS D 
ye-eH Ec! HAC o New cH, 
One Ls WAS 
¢ 
cH, ap 
Paraldenyde 
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aS 


c—=n—c * Hn 


Pate 
R iNH-G 
ZN amevoria or \ 
eee: pongo sesked ‘Condensation product 


Aidenyde (Unstable ) 
or ketone 


Specific Examples: 


‘Some commonly used ammonia yes are hydroxylamine, NH,OH, hydrazine, NH-NH), phenylhydrag) ——— 
C)H.NHNH,, semicarbazide, NH,NHCONH,, and 2,4-dinitrophenylhydrazine, NH;NHC,H,(NO; a 
presen 
of 

cH, cH, 

SSE re — H us 
Ae _ HOH enon * 20 H” 

H Acetaidenyde — Hydroxylamine H Acetaidehyde oxime 
orethanal or ethanal oxime 

CH 
\ 
Z 
bi det tals CH; Acetone oxime or cH 


‘Acetone ot ropanone oxime 


a 2 
ides and ketones react with phenylhydrazine to form phenylhydrazones in the presence of an acc 


CH CH; 
Scfo# iy—nn—ph wt N 
, AN JOSNNHPh + HO 
‘Acelaidenyde ——Phenylhydrazine HO reatshdatn 
orethanal oroterapnatenc th 
1 


NH—Ph HS 
My OSNONHPh + HO 


CH Acetone phenyihyarazone or 
‘Propanone phenylhydrazone 
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uy, 4 1 Arden ond Ketomen 


py BAGIOLMTTEL HYDRAZINE 
RBI pest ketones rent wt aie wo fos hyraznes in the presence of an acid 
CH, 
Nc Hy meas 
a HiN—NH, pai + H,0 
H frazine 1 
*4, desig eke H acetaldehyde hydrazone ” 
4 7 \. 
CA, Acetone Hysrazine ch, peste nyrazone : 
TEACTION WITH 2.4-DINITROPHENYLHYDRAZINE aie 
Adetydes and ketones react with 2,4dinirophenylhydrazine to form 2,4-dinitophenyihydrazone In the 
presence of an acid, 
cH CH. 
XN reat poke. 
ye + By-w-C)-v0, He ca ww + H,0 | 
H Acetalden H , 
= NO, No, 
(2,4-Dinitropheny!)nydrazine Acetaldehyde (2,4-dinitrophenyi)hydrazone ‘ 
GF2.4-DNPH or acetaldenyce 2 4-ONPH | 
chy 
BOS 
3 Oma iS Je v-m-{)-no, + H,0 
ch, 
NO, 


Acetone @2.4-dntrophenyinysrazone | 
tt acatone 24-DNPH 


weoclon con be ured for the identification of aldehydes and ketones because 2,4-dinitroph 
usually yellow or orange crystalline solids. 
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Step 2 


Sai H OH H oH 
Nee | H Cle 
OOH a NRG! oot c—N*-c Se Sees 
| 
H ow H 
cs 
ec N—G G 
U -H,0 / 
a / 


Aldehydes combine with alcohols in the presen: 
chloride acts as a catalyst 


BY Ch OCH, 

C=0°* 2 6HOH (== \% + 4,0 
4 JES 1 
HF pcetatdenyde Ethanol Ho *0¢,H, 


1.1-Diethoxyethane 
(An acetal ) 


The feaction may be used to protect the aldehyde group against allaline oxidiaing agents. To rege 
aldehyde, the acetal is hydrozlysed in the presence of an acid. 


Ch OCH, + CH. 
So NO atte eas aes 
Woe, sth a 
as Acetaldehyde Ethanol 
1.1-Diethoxyethane 
(An acetal 


Ketones do not react under these conditions, 
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ors sya ‘ es 
aS ss 


; 
t 
' 


The reactivity of ald « inyportant resonance 


‘ontrbutor which has char 
ve 0. In general the reactivity ogjge! 


(1) Size of the substitue 


| 
| the substituents ha 
F Larger groups 


(2) The electronic e 
Alkyl groups a 
therefore less 


s electrophilic and 


Thus the rwactvity order is 


ation of hydrate 


% Hydrate | 
99.96 Hydrate 
50 


(K = [hydrate /IC=0} 
‘methanol has high value of K, so its equilibrium is appreciably goes to the right. Hence, itis most reactive 


ee SE ee a 


ALDEHYDES AND KETC 
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i} 


¢ 


Clemmensen Reduction (acidic conditions) 
* 2n(Hg) in HCI reduced the C=O int 


CH, 


Wolff-Kishner Reduction (basic conditions) 


+ NH,NH; / KOH. the C=O into CH, 


pylene glycol (a high boiling so 


Overview 
= These reduction methods do 
+ The choice of method should be m 
basic reaction conditions 


tional groups to the acidic 


ee 


HYDRIDE REDUCTIONS OF ALDEHYDES AND KETONES 
Hydride reacts with the carbonyl group, C=O. in aldehydes or ketones to give alcohols. 


fi oH 
Cc. NaBH, 
ae ——> H—CH-H or CH,OH 
H H oc LIB, 
6 oH 
en 
ie — R—CH, 
Clio betes : ! 
R 
fi oH ‘ 
U NaBH, ae 
PAS) oSp ea 


or LIBH, 


* Aldehydes and ketones are most readily reduced with hydride reagents. 

* The reducing agents LIAIH, and NaBH, act as a source of 4H" (hydride ion). 
© Overall 2 H atoms are added across the C=O to give H-C-O-H. 

‘+ The substituents on the carbonyl tell the nature of the product alcohol. 

* Reduction of methanal (formaldehyde) gives methanol. 

* Reduction of other aldehydes gives primary alcohols. 

‘+ Reduction of ketones gives secondary alcohols. 


The acidic work-up converts an intermediate metal alkoxide salt into the desired alcohol via a simple ® 
base reaction. 


INS OF CABONYL COMPOUNDS WITH DIFFERENT NUCLEOPHILES 


CYANOHYDRIN FORMATION 
© Cyanide adds to aldehydes and ketones to give a cyanohydrin, 


R 
b= b+ 8- on 
\e5 + H-CN —> Sc 


ee 
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ct #19: Ales ond Ketones a= 
' 
{ «The reaction is usually carried out using NaCh HCl 
{HCN isa fairly weak acid, but very toxte 
B5 Thereactin is uselul since the cyane g h a groups COM 
[or -CH.NH,) 
NUCLEOPHILIC ADDITION OF CYANIDE TO AN ALDEHYDE 
he C int ms from the 


The nucleophilic Cin the cyanide adds to 
iG+0 move othe dlecronegatve 0 cresting an 


sons of Primary Amine derivatives 
Primaly amines, RLNH, of ANH, undergo nucleophilic addition with aldehydes or Wetones to ve 


binolamines which then dehydrate to give substituted imines, 


oe Fr" 
qi N 
Lesa th aco eee HO 
Spy Primary amine S K 
Adee peo alohol oF inne 
‘Carbinolamine 


or ketone 
‘The reactions are usually carried out in an acidic buffer to activate the C=0 and facilitate dehydrati 


without inhibiting the nucleophile. 
Systems ofthe genera iype HiN-G undergo ths tye of reaction and can be used 


jon but 
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(3) USING OXYGEN NUCLEOPHI! 
Formation of Hyd 


hydrates 


© Ingeneral, h 
© However, h 
© Understand 


MECHANISM FOR THE ACID catalyzed FORMATION OF HYDRATES 
Step 1: 

‘An acidibase reaction. Since there Is 
protonating on O. 


Step 2: 
‘The nucleophilic O in 


electrons to the pos 


itive O. 


Step 3: 
‘An acid/base reaction, Deprotonat 


i 
Cc. 


aN 


Gey eH + BH 
cH, 
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Mid oxidizing agents ike Tollen’s reagent, Febling’s solution and Benedict's solution easily oxidize aldehydes 
to carboxylic acids, nedict’s sok " i 
‘They are also oxidized by strong oxidizing agents 
wid 

4, The hydrogen atom attached to the carbonyl group in ald 


as K,Cr,0,,1,S0,, KMnO,/H;SO,, and dilute nitric 


fes is oxidized to OH group in these reactions. 


° 4 
Il r K,Cr,0, / 1,80, {| 
cHy-c—H * [0] ees cH;-C—on 
Acetaldenyse Acetic acid 
° ° 
{| K,Cr,0,/H,S0, {| 
CH-CH-C—H * [0] — CH;-CH;-C— OH 
Propionaldehyde Propionic acid 
SEORES Ea 
+ Ketones are only oxidizes by strong oxidizing agents such as K,Cr40>.HsS0,, KMnOy/H,S0« and cone, 


HNO, 
The carbon atom joined to the smaller number of hydrogen atoms is oxidized 
+ Incase of symmetrical ketones only one carbon atom adjacent to the carbonyl group is oxidized and mixture 


af two carboxylic acids is always obtained, 


° 9 ° 
xe10,/480, i i 
ch-c—en, * 3101 a cH;-c—oH + H—C—OH 

Acetic acid Formic acid 


Acetone 


+ However, in case of unsymmetrical ketones, the carbon atom joined tothe smaller number of hydrogen 
atoms is preferentially oxidized and the carbonyl group remains with the smaller allyl group, 


CH-C—cHrCH, + 310] 


Butan-2-one Acetic acid Acetic acid 


SOME IMPORTA. 


2-Methy!-2-propanol 
fr t-butyl alcoho! 
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OH 


(CHy—CH;-CH; 
1-Propanol 


4 a CH,-CH,-OH +) 


Ethanol 
Metnanai or ” 
formaidenyde 
Kcr0, e 
CHy—CH,-OH + [0] “es cy, C—y + H,0 | 
Ethanol! H,S0, _Ethanal or 
acetaidenyde 
‘{o) Ethanal nto propanone at 
or ee Ye on 
Chlig—er + o—9 2 


cn 


—— Ch H +N 
aw amt ce Mg 
acetaldehyae 4 propanol | ' 
POOH fo} ——» pit me 
ch, 480, fo 
"teeopanct CMpropancne 


(Wi) Ethanal into 2-propanol 
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paar Rtn 
iene a thon 


Hc=cH: + HOH 

ethene 

We—CH.-OH + [0] 
Ethanol 


Waker ito thane 


K,cr,0 
or HyC—OH + [0] “ 
Methanol ac, 


ether, 


Formaldehyde 


Na,Cr,0, 
Ethanol 


ETY, TECHNOL 
Glucose and Fructose 
* Sugars are sweet tasting soluble carbs 
Catohydrates derive their name for th 
—§. and O in the ratio of 2:1 as in water 
nosaccharides such as glucose 2° 
their molecules. 


me—cH,-oH + 1) 
W509," 


‘Naturally 


f two monos 


* Diseccharides such as sucrose consist © 


Hyc— C—O ger 


H 
pt| HOH 


1 
Br 


HyC—CH,-OH + 1g 
oH 


4 + HO 


'Y AND SCIENCE. 


curring carbonyl ¢ 


usually pe 


CH # 19: Aldehydes and Ketones = 
© The presence of -OH groups o 2 
for the sweet taste of sugars 

Sugars also show many properties in s 
gives a crystalline condensa 
structure of glucose contains no carbony! gr 


ached to them fave been ott, fr cacy 
‘Some common carblrates, In the ing strates tha atoms ne ring and the wom sachet 


Name Te Souter Cecurence ios 
ace pasate: ae ce pound in pam and 
Mae nee js 


: 
fe 

fen 
Serle te 
corer 


A ln frst and ney 
Cros, bese bara bal 
on 


Py 
‘ewe merouctatde, sonny conponet ol temas of shud 
Mao toe seca) mayen Be 
a 
© 
coe ache = sega cae sg bt conneny 
= ] simply cae 9a) 
sate acta Sq llp mat 
ee tacounde ~~ 
rar etmucte chalcone is slr target 9. ota wat pn 
C omeal pobysaccharide: chaies of nits 


srr materi of pans 


‘The carbonyl properties possessed by glucose arise from the fact that in addition to its normal ring form it ca 
exist as an open chain form. 


Glucose - An example of aldehyde aaah ia 
Nea 


i 
t 
a 


(open chain form) {oylic form) 


The two forms are readily inter-converted and in aqueous solution about ent 
ph any Sexhery 1% of glucose molecules 
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Keton 


Why does the ope 
Tris a result ¢ 


Formakdebyce is wed os de 
Formaldehyde is ued 8 


)UICK QUIZ-2 


) What Is functional group of corbony! 


4 


1c and other sugars change t 


Write the 


inds are aldehydes a: 


‘Carbonyl 
The compound in which 
“aldehydes 


‘Their general formule 


‘compounds in which 
ds C = O group 


carbony) 


is 


carbonyl group is direct 
occurs within cha 


CH # 19: Aldehydes and Ketones College Chemistry: Federal Boys 


2) What types of aldehydes used in Connizzaro’s reactions 
Aldehydes having no a-hydrogen atoms undergo 
e.g. Formaldehyde, HCHO: Benzaldehyde. C.HsCHO etc. 


(3) What ts Cannizzaro’s reaction? 
© Aldehydes having no a-hydrogen atoms undergo Canizzaro's reaction, 
+ Itis a disproportionate (self oxidation-reduction) reaction. 
+ Two molecules of the aldehyde are involved. One molecule is reduced into comesponding al 
the other is oxidized into the acid (in the salt form). 
* The reaction carried out with 50% aqueous solution of sodium hydroxide at room temperature 


it i 
2H-C-H + waoH —» CHOW + H—C—ONa 
Formaldehyde peas Sodium formate 


(4) Which types of carbonyl compound condense to form an aldol? 
Aldehydes having atleast one a-hydrogen atoms undergo Aldol Condensation reaction. 
Acetaldehyde, CHsCHO etc, 


(8) What ts haloform reaction? 

Acetaldehyde, ethanol, methyl ketones and secondary alcohols with methyl group at a-carbon, rece: 
halogens (Cis, Bra, Iz) in the presence of sodium hydroxide to give haloform (chloroform, bromofc 
fodoform) and sodium salt of the acid. This reaction is called haloform reaction 


oO 
R—c—cn, + 3% + 4NaOH —= CHX, + RCOONa + 3Nax + 310 
Bea. ee 
(6) Gtve the oxidation of reactions of aldehydes ie = . 


* Mild oxidizing agents like Tollen's reagent, Fehling's solution and Benedict's solution easily 


aldehydes to carboxylic acids, 
* They are also oxidized by strong oxidizing agents such as K,Cr,0,/H;SO,, KMnOyHSO,, and 
nitric acid. 01 
* The hydrogen atom attached to the carbonyl group in aldehydes is oxidized to OH group nf 
reactions. 
° tw 
K,Cr,0, / H,SO, 
cH-C—H * fo] pees: Bes, be 
am Acetic acid 
(7) Glwe the reactions of aldehyde with tollen’s reagent Sota _ 
* Aldehydes form silver misror with Tollen’s reagent femmonialsilcer nlite solution) w 
. ‘Add Tollen’s reagent to an aldehyde solution in a test tube and warm. 
* _ Asilver mirror is formed on the inside of the test tube. (w 
AGNOs + 3NHOH ——= [Ag (NH; ):JOH 4 NH.NO + H:0 te: 
7 cr 


R—C—H +219 (NH; );}0H ——> RCOONH, + 2Ag + 3NHy + 4,0 
‘Aldehyde Silver mirror 
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College Chemistry: Federal Board: Port Ht 


) What types pf ppt. are formed when aldehyde reacts with Fehiling’s solution 
. Aliphatic aldehydes form a brick-red with Fehli ng solution, 


+ Toa aldehyde solution, add Fehling's solution and boil 


+ Abrick-red precipitate of cuprous oxide is formed. 
+ Ketones do 
° 
I 
Card sore 2Cu(0H);+ NaoH —™- RCo ONa+ Cu;0 + 3H:0 
Brick red pot 

Primary alcohols can be oxidized to aldehydes (o: further to carboxylic acids). 
Secondary alcohols can be oxidized to ketones. 
Tertiary alcohols cannot be oxidized (no carbino! CH) 
‘The protonation of a carbonyl gives a structure that can be 
the electrophilic character of the C since it isa carbocation, 
+ Organolithium or Grignard reagents react with the carbonyl group, C=O, in alde! 

alcohols, 
‘© The carbonyl group, -C=O, Is present in \dehydes and ketones. In aldehydes it is in a tes 

the earbon chain. In ketones itis in a non ~ terminal position. 
© Aldehydes and ketones are named using the suffixes -al and -one, respectively. 
«Aldehydes are prepared by oxidising prin Jcohols, ketones by oxidising secondary alcoh 
Stat ecoral roup ready undergoes nucleophilic addon. This is sometime flowed bythe elimination o 
‘amolecule of water, resulting in a cs \densation reaction. 
‘Addehydes are generally more reactive then ketones. 
‘The tendency of aldehydes to undergo nucleophilic addition makes thet? p Jymerize readily 
Aldehydes can be oxidized to carboxylic acids by a variety of reagents. Ketones are not readily oxidized. 
‘The carbonyl group activates the hydrogen atoms on ry on atoms, making them more readily 
substituted then those in alkanes, 


give this test 


redrawn in another resonance form that reveals 


Jes or ketones to give 


ninal position in 


ch the right answer fr 
The carbon atom of a carbonyl grou. is 
(a) sp hybridized ToL sp by) 


tones rere : : 
(a) Primary alcohol ‘{eySetondary ales ic) Tertiary alcohol (4) none of these 


Fea lth HCN ta form a eyanonydrxs. Its an example of 


(a) Electrophilie addition —_(b) Elects ophilic substitution 
Ileophilc addition > (4) Nucleophilc substivtio 
ifon Is not given by 


none of these 


d c) Benzalde (d) Trimethylacetaldehyde 
debs {b) Agetaidehyde fc) E : J wlacetaldehyde 
scan ttre wh bh ebhyn bon 


() Tollen's reagent 
product of 

py satcotiols c) tera 

‘alll not give fodoform fest 

(0) Acetone 

Carbonyl compounds. Which o 


{d).carboxylie acids 
int with Ly NaOH 
react both with NaBH, and with 


Jettetones (tb) Adotydes only 


a ge 


yworld:cona| 
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(c) Ketones os d) Neither aldehydes 
(tx) Which one of the following can undergo All 
(a) Farmaldeh 
(x) Aldo condensation Is not succes 
(a) Having no wh a 
(xi) “Phenythydrazine on treatment with carbonyl compounds with 


(a) Hydrant amines hydrazane 
(xtl)_ Formaldehyde react with NH, to give? 
(a) Tetra ethylene hexam Bee ' 


(c) Hexa methylene t 
(ttl) General formula of aldehyde ond ketone is? 


{a) GH,,0 les fi 
(cia) Which ofthe following con be prepared inthe laboratory by dry distillation of (HCOO),Ca 
(a) H.C=CH, HCI HOH (a) CH,CHO 
(x0) The colour of fodoform is 
(a) White } Ye ) Blue 


1) Ans: (b) op" hybridized 
[The carbory! carbon yorze thee 4p Nacr 0; Os 


Iyxhbidied “orbitals for sigme at Nomong roy MEY Ne 
lunhybridized 2p, orbital for p : O=0 + i 


Since CN from HCN acts as nucleo 
carbonyl carbon, So HICN addition is a nucieo 


lodotorm ts given by mets Ketones. Le. the hetones which Aldehydes ave reduced by NaBH 


so it will give Aldol condensation reaction 

(b) Phenylhydrazone 
Phenyl hydrazine reacts with a carbonyl compound to give! 
phenyl hydrazine 


(xii) Ans: (a) CHO. ‘xiv) Ans: (b) HCHO 


Since, two hydrogen atoms are removed and one oxygen atom|(HCOO),Ca => HCHO + CaCO, 
is added : 


The colour af iodoform is yellow 
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CHS-CH-OH 


Ethanol 


cH, 
Nat 


eee ee 
H,C—CH—CW + 2H,0 + H,SO, ——eH,C—CH—COOH + NH,HSO, 
z nenitnie 2-Hydroxypropanoic acid 

Jee "Lactic acid) 


the addition product of Grignard reagent to formaldehyde, acetaldehyde and ketone? 


(6d) Whot ts Holoform reaction? 
Ace hyde, ethanol, methyl ketones and secondary alcohols with methyl group at a-carbon, 1 
halogens (Ci. Bry, I) in the presence of sodium hydroxide to give haloform (chloroform, bromo! 


odform) and sium sl ofthe ai This reaction scaled haloform reaction 
I 


R—C—Ch, + 3X: + 4NaOH —= CHX, + RCOONa + 3Nax + 3H) 
R=Alkyl or aryl or H Haiotorm Sodium carboxylate 


(oi) _ Which npe of ices undergo lodoform rection? > es 
(Secondo aohals biting te met group also undergo Wis eacion. 


OH 


Ns R—CH-CH, + 4h + 6Na0H “> CHK + RCOONa + SNal + 5H 
‘Secondary alcohol lodofomm Sodium carboxylate 


Ethanol is the only primary alcohol that gives this reaction. 


4 
H,C— CH; OH * 41, +*6NaOH —= CHK * HCOONa + s5nai + § 
Ethanol lodoform — sodium formate 
‘(vitl) _ How are methanol and ethanol polymerized? 
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{qu 18 Aled and Ketones 


Spay formalchade do not give aldo 
~B Fer aldol condensation reaction the carbonyl compound must have a-hydrogen (hydrogen ctlached 10 the 


carbon atom next to carbonyl grdup). In formaldehyde, there is no a-tydrogen so it cannot give aldol 


>| ondensation reaction, 


| 
——E— 


[ete eshonioo addon of i 
i r 


for the follo 


Give detailed 


. a 
FF Wha the esta of the carbons group? ETE eR 


319 eeD ¥ 


F Fae jou prepare Jormeldehyde and wcetldehyde on industriel sete? 


ing questions. 


Tndusry, formaldehyde is prepared by passing a mixture of methanol vapours ‘and air over iron oxide ~ 


sum oxide or Ag catalyst at SO0*C. ° 
reo.mso, 
: 7 2CH,OH + 0; ——= 2H—C—H + 24,0 
s00"C 


| nee acetaldehyde is prepared by oxidation of ethylene in air using palladium chloride catalyst with cupric 
50, ble promotor 


o 
Pact,+ CuCl, I 

2Hc—=cH, + 0, ——= 2H,c—C—H 

Ho Acetaldehyde 


Ethylene 


H H on 
at 8- , ot be 
Ni, BS mene 
ee yan 
Ww en 


Formaldehyde cyanohyarin 
Boneiceluve ( Hydroxyacetonttie ) 


de polymerizs in the presence of di, H.SOs 0 give metalormaldelyde 


CHE1S: Aldehydes and Ke 


()__ Define and explain aldo! condensation along with mechanism. 
Page 324 

(ii) Give detail of haloform reaction. Why itis called 50? 
Page 327 

(iil) Give the following reductions of aldehydes and ketones along with mechanism 
(a) NaBH 4 (b) Catalytic reduction 


Page 333 

(iv) What is the mechanism for addition of ammonia derivatives to carbonyl group? 
Page 330 

(Which type of aldehydes give Cannizaro’s reaction? Explain with mechanism 
Page 126 

(vi) How da yau distinguish a ketone and an aldehyde by chemical method? 


Idehydes gives siiver murrot with Tollen s reagent whisd ketone doe 


SS 9 
AHO, + ANH OH ——= [Ag(NH ,),JOH ¢ NH,NO, + H.0 
R—C—N + 2IAGINH y),0H —™ RCO ONN, + 2A + INKL + HO 
| Aldehydes gives red ppt with Fehiing's solution and Benedicts solution while Ketones does not 


HC—C—N+ 2CH0H ,+ NOH ——m CH,COOMs + Cu,0 + 34,0 


(vil) How will you differentiate between acetophenone and benzophenone? 


‘Acetophenone is a methiyi ketone. so it wil give lodoform test while benzophenone wil not give 1odok 
° 
ll 
C—CH, + 3h + 4NaOH —= CHI, + C)-coom + anal + 3H4 
todotorm imi ere 
Acetophenone 
° 
ll 
c + 3h + 4NI0H —= — WoRescton 
Benzophenone 
test. 


(vill, Predict the formulas of the products of the following reaction 


(a) CH)COCH;CHs +H 2A 
o OH 


CH;-C—CH;—CH, + 4, Pd, PtorNi CHs-CH-CH;—cH, 
2-Butanone 2.Butanol 
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(CH # 19: Aldehyden nd Ketones 
(b) GH,COCH, + NH,OH > College Chemistry: Federal Board Pert. 


c—=N—OH * 4,0 
CA, Acetophenone oxime 


(@) CH,CH,COCH,CH, + HCN > 
CHy-cl 
Xe 5- CHrck, On 
=o + 3 
gee 
CH;-CH, CN 
Cyanotyarin 


cHs-ch, 
‘3-Pentanone 


(€) C\H,CHO + KMn0, > 


() KMn0,/ OH 


° 
‘ | 
oo roy — et ee 


(Hy 
Benzaidehyde Benzoic acic 


(c) CH,CH,CHO + Cl, > 


3 
ec, + Ci, —~ CHrCH-C—H + He! 


G1 2-Chloropropanal 


md of molecular formula C,H,0 containing a carbons group 


CHs-CH;-CH;-C—H 
Butanal 


CU# 191 Aldehydes and Ketone B College Chemistry: Feder 


(sll) Predicts the ormuilas of the compounds formed when the follow ing are treated with the Grignard’, 
—Teagent methyl magnesium bromide, followed by water. 


Ethanol Fs - = 


Cie ane ae 


& Pas ether, 
CHs-CHe—Mg— Br + H— C,H, fe 
) Etnyl magnesium bemide 


Ethanol 


yl-2-propano| 
(a tertiary alcohol) 


Carbon dioxide oes 


s- at at 3- 
CHs-Mg-Br + o=c=0 aa cH, 
Carbon dioxide 


Acetic acid 
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College Chemistry: Federal Board: Part-I} 


‘ine: 20 Minutes 
Over uniting, cutting, erasing, usi 
using lead pencil will esult in loss of marks 
oo ata ech ttt 
The carbon in carbons group is mt 
Asp 
a) Trerame of formaldehyde in IUPAC system s 
‘A Ethanol B. Methanol 
(a) Formalin is 
‘A. 40% solution of CH,CHO in uoter 
40% solution of HCHO 
Iw) Whieh one ofthe following 
‘A Formaldetyde ‘CB. Acetaldehuds 
0) Adenydes are more recive than Ketones cause 
spec hitancs 6 fleconc remot C. Botha’ and‘t® Nove 
mA s reaction tes place 
‘A. With some molecule of aldehyde Bw 
des D Wh 


Marks: 17 


‘Trimethylacetaidohe 


Jecule of aldehydes 


(vi) Catalysts used or the preparation of formalde 


APrasbestor— B.FeO.MoO, —C Cuca v 

{vill Aldo! condensaition is not successful wth compoun 
< B Haag whydiogn ¢ Having em D None 

(a) Polymer oFformaldehyste scale xf 

Acticin lormaldehcde'® Parlieryde Bath wand D None 
t) fs testis dsed for the detestion of 
e  Katones only C Carbone arts only Adhd atone 
i rons . 

eae (GB Base catalzed. © Both D None 

(ul) Which ofthe folowing does not Ss Ridaform rection 7> 

ACH,CH,OH —_B.CH,OH* €. CH,CHO 


(iil) Phenyihydrazine on treatment with carboryl group form 
1B Hydroms amines C Oximes 


(GW) acetalend hata are formed by peactzon of carbonyl compounds wth 
a 


‘Acids ( BuAlsohels C Phenols 
(wv Paraldehyde a poiyer of 
. < BsBoemaliely __C-Propsanadetyde_D. None of then 
(ot es eaiment wi Ce SOO" fx : 
‘A Aeon MS peeakiryde Ethane piece: 


TA) Which one ofthe following can undergo Aldo condensation rscton : 
A Formaldehyde \  C_Berueldehyde D. Trimet! 


SUBJECTIVE 
“Total Marks Section B at 

42) (14 x 3 = 42) 

ould not exceed 5 to 6 lines. 


Section - B (Mad 
“Attempt any FOURTEEN parts. The answer fo each Pa 


form new compounds with or without lamina 


Ts enctions in which wo molecules combine 19 


achaneen forthe conversion of CH,CHO into products, 02 


-tydrogen give Connzzra’s ection?” 1 
a tenueen| nd acetashye 15 
the presence of rong base gues crotonaehit 


Wah heap of mechani Row scntakishyse 


CH # 19: Aldehydes and Ketones 


(1 Give a reaction example of disproportionation re 


(9) Give a generat mechanism for the base-catalysed mucteophi 


b 


(ia 
b 


(xivJa 
b 


be) 
b 


bv, 
6 


(oa 
b 


xvi 
6 


(in) 
b 


Note: 


Qs 


Qa 


‘What is Tollens test? Also give the te 
Convert acetone» acetone hyde 


Briefly explain the react 
How can acct 


of carbonyl group. 
bbe prepared by the dry distil 


deb 


‘What isthe difference between an aldehyde and ketone? 
‘What is formalin, How scan be obtained? 


Discuss the reactivity of carbonyl group. 
What type of reactions aldehydes and ketones usually under 90 


How a-tylroxy acids ate obtained from aldehydes and hetones? 
‘What is halotorm reaction? Gre one example 


What kind of allehscles and ketones gwe aldol condensation gives an example of each? 


What hind of aldehyees qe enruzzaro's rection? 
Which aldehydes and ketones gue haotorm reactions? 


What are acetnis and how ate they formed? 
Why ketones do not undergo oxidation easly? 


Distinguish between ethanol and Propanone by a chemical test 
How wil you distingush between ethanal and propanal? 


Describe briefly the mechanism of acd catalysed nucleophilic addition 0 a carbonyl compoun 


‘What is Fehing' solution test? Give chemical equation. 


Give three industal uses of formaldehyde 
Give three industrial uses of Acetaldehyde 


Give the mechanism of addition of addition of HCN to Acetone? 
‘White the applications of lodotorm test? 


‘Why lommaldehyde do not give aldol condensation reaction? 
Give general mechacisr of addition of phenyl hydrine fo acetaldehyde? 


How may acetaktebye be prepared on indus seal? 
‘What is Benedict solution test? i 


‘Section -¢ 
Attempt any TWO questions, All questions carry equal marks 
1. How will you prepare formaldehyde on indus scale? 
Whats Cannizaros reaction? Wie mechan 
How formaldehyde rect wath 
WHEN (3) HS, (i) NaHSO, 
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tion of carbonyl 


‘ofa maxture having calcium salt of 


(213=26) 


i? 
02 


a 


1 
is 
02 
1 


1 


02 


ol 


& & 888 


College Chemistry 


psi c< ‘Che Federal Board: Part-I! 
(CHMat (i) K,c.0, /4, ceciacaiia 
a Ciiethe bilowing reac oe (Wi) NatSO, (ev) LNaOH 


TINABH, GH Cane rete nd nes lng wih mechan 03 


a. How will you identify carbonyl compounds by? 
()2,4DNP testi) Sodium tsuneo” 
be Consider te flowing series of reactions iwohing Eihanal hen anawe he 


HCN ¥ 
Y —<— ciycho HON 


[um 


(Drow thesiucturormila ofthe compound Yd 2 


(i) Describe the appearance of the compound X. Gove ts name Gre ut 
with 2, 4-DNPH to produce compound X05 


0s 


the mechanism forthe reaction of Ethan! 


& Give a chemical test by which you could distingush between ohana on Propanone 
ot 
4, How will you bring about the following conversions? 7 
(i) Propanone into 2-Propanol 
{il)_ Methanol to propanoic acid 
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CHAPTER # 20 


CARBOXYLIC ACIDS AND 
FUNCTIONAL DERIVATIVES 


re he carboxyl group attached with an open chain of carbor 


al formula 


© Aliphati 


C\Hy.-COOH / Or R—C—OH where R=H or any alky! gro 


+ There are beganic compounds which contain more than one carboxylic groups in their molecule. 7 
dicarbouylic acids and tricarboxylic acids etc 


f Né -NCLATURE 


‘Common Names 
(1) Many carbonylic acids are known by their common names. 
(2) The positions of other groups attached with the chain containing the carboxyl group are indicated by the 
. Greek letters « f etc 
; (3) The carbon adjacent to the carboxylic group is called the « (alpha) carbon, The carbon at 
{group in not the a carbon e.g. 


med, 


The IUPAC System 


Aliphatic Carboxylic Acids 
1, Select the longest carbon chain containing the 


Since the carboxyl group is always present at one end, therefore is position is not mentioned. 
‘Substituents are also named and their position is indicated. 


eaen 
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20: Corbossiic acids and Functional Dericative 
‘ Dericatives Bs] 


9 
ll 


Chemisty) Federal Board: Part 


#—C—OH HC. I OH He é OH He 


‘Methanoic acid Eethanoic acid 
OH 
‘2-Chloroethanoic acid 2-Bromopropanoic acid 3-Hydroxybutanoic acid 
a me FR $8 
i] N i. 4 
nett ieee txt on njg—bu-b—b—on 
CH, CH, Br HOC ic sib Hy 


‘24Bromo-3.4-dimethylpentanoic acid 2-Bromo-2-chloro-3-methyibutancic acid 


pe names and the structural formulas of a few carboxy acids are given below Boil 


i 
OH He iameve 


2,2-Dimethylbutanoic acid 


Jing points and melting points 


ge aso given. 3 
° Cerne 
4 bes a 
H—t-o 1H H,C-C—OH — CH,—CH,—C—OH 
Formic acid Acetic acid Propionic acid 
or or or 
\ Methanoic acid Ethanoic acid Propanoic acid 
b.p., 101°C b. bp, 142°C, 
mp. 84°C mp, -~219C 
° ° 
4 t 
CH,—CH,—CH,;—C—OH CH,—CH—C—OH 
0B ieoburyee acid 
ic ack sobutyric acid or 
wee be aed 2—Methyl propancie 
Butanoic acid Stig 
nee =4PC 


i 
CH,—CH,—CH,—CH,—C—OB 


n—Valericacid - 
or 
pentanoic acid 
dip. 186°C 
m.p., —35°C 
fe} oO 
1 1 
HO—C—CH,—C—OH 
Malonic acid 
or 
propanedicicdeid 
bees 130—135°C 
(decomp-) 


°o ° ° 


1 
1 ' 
HO—C—cH,—CH. HO—C—CH,—CH,—CH,;—C—OH 
Succinie acid tari a 
Butanedioic acid Pentanedioic a¢ 
m.p., [82°C m.p-, 97°7°C 
° o 
1 1 
HO—G—CH,—CH,—CH,—CH,—C—OH 


jc acid 


Adip 


Heaanedioic acid 
m.p., 151—1539°C 


MORE PRACTICE 


/CH.CH,CHICH,)COOK 
° ° 
CH CHy-CH—C—on HO—C—CH—CH—CH, 
1 


OH CH, 


i 
Ho—C—énp-¢—éH,-6—on 


cH, 
33.Ometrypertaresox: aoa 
ethy-3-pentenoic acid 
es Para a 
Steed a HOOC CH(OH) CH(OH) COOH ° 
CH=C—CH—C—oH HO—CH—CooH eer tecraik a | 
cee CH=C—CH=CH—c—0# 
cH, HO—CH—CooH 
oH 


4-Hysronypenta.2.4-diencic a! 


we 9 
ae BR pa ae Srey Pay 
HO—C—CH=¢—CH=CH—G—on 
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yporylic acids and Functiona Derivatives 


SICAL PROPERTIES: 2 
FE 0 and 01 rouns ae pci ie We weconaaatnyiterence ofa: 


‘the polar ‘oF both the O-H and C=O bonds results in the formation of strong hydrogen bonds: t 
Mar carboxylic acid moleciles or other H bond oe ike 


iyye results are: systen ae 
©. higher melting and boiling points compared to. similar alcohol 
‘0 high solubility in aque ahaa: pared to similar alcohols 


jen bonded dimers in gas phase and dimers or aggregates in pure liquid 


o_ hyd 
2UCTURE: I 
A The COOH unit is planar and consistent wif sp * hybridization * 
is aresonagge interaction of ths lone p he hydroxyt 

‘with the: p'system of the carbonyl as in the figure. 


IDITY: 

I Carboxylic acids are the most acidic simple organic compounds (PK a= S}eompace_with alcohols 
(pKa~ 16).°Remember, the lower the pka, the stronger the acid, The acidiiydepends upory() ease of 
treijion of proton (\) sablily of carboxylate anion More ease of donation ang gear tabity ol 
anion, stronger the acid. However, hey are only weak acts comps muneral acids ike HCl or HaSCk 
‘The carboxylala jonis stabilized due to resonance (eq. 2)..The delocalization inegative chargetakes 

between twoelectronegative oxygen atoms), 


(2) 


olectron withdrawing 
hey withdraw negative charge and thusuther stabilz @ 


Carboxylic Acid Structure pKa 
CH:COH Dichloroethanos a HcLCOH | 13 
SC SOH | 49._| Tieniorotmanae a4 | FN H 08 
THFCOH | Nitroethanoic acd ONCH COM 17 
TE CH,CICOH 
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(3) OXIDATION OF PRIMARY ALCOHOLS 


Hr a 
chr eHOH + [0] 


a K,Cr,0, /H,S0, 
CH-C—H * fo] — CHs—-C— on 
Acetalienyde Acetic acid 
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«The carboxy! gr 
in most reacts 


Carbonyl acids u 
{A) The reaction in which hy; 
{B) The reaction in which O} 
(C) The react 


clved (sall formation) 


| \) REACTION INVOLVING HYDROGEN ATOM OF THE CARBOXYL GROUP, 


sh ae 
° 
no \~o\, 
r—c—o + Ht 
=p te eat 
Inthe presence of water |H,0), th breaks away as H,0" ion. 7 ed 


i TW) REACTIONS WITH BASES 
[Carboxylic acids React with bases 


CH,-COOH + NooH—~ StL COON2 


NaOH, KOH) fo form salts 
+ HO 


REACTION WITH CARBONATES AND 


‘Carbonylic acids decompote carbonate o 
2CH;-COOH, + Na,cO, —> 2CH> cOONa + H,0 + CO; 


4 carbon dioxide gos with effervescence 


CH;-COOH + Naico, —~ Ci 


ONS WITH METALS 
le cls ecto wh 


K Ca, Mq ete to form ter salis with the evohation 


= 2CH,-COONa + ¢ H, 


(OF ACYL CHLORIDES 


thd coon aa ah hen A chon 
othe acy ali 


so, + Hcl 


Cottege Chemistry Federal 
Q 
| 
o—c—R + 4,0 


ate alcohol with an ack 


~~ Esters are obtained by refluxing the parent car owjlic acid with the appr 
° wn acai f 
R—C—on + R—OH \—- R—C—O—R, + H,0 
poe eat Seep 
This reaction is also known as thé Fischer esterification 
‘© The equilibrium can be driven to completion by using an excess of ei 
‘oF by removing the water as it forms. 
© Alcohol reactivity order is ori OH > 1 > 2 
lesser the reactivity 
~~ Biersfcan also be made from other garboxylic acid derivatives, espec 
teacting them with the appropriate alcohot in the presence of a weak base 
7° fa compound contains both hydroxy: and carboxylic acid gi then cyclic esters oflactones ca 
ramolécular reaction, Reactions that form 5- or 6-1 membered tings are particula 


her the alcohol or the carbo: 


Its due to stenc effects. Thus, larger 1 


via ai y aver 
° 
ae 
—| So + #0 
__ Geet 


Mechanism for Reaction for Acid Cotelyeed Esterification 
Step 1: 
“The O-atom ol carbonyl groups accepis @ proton, The protonation of the carbonyl makes 
<lecrophile, Ris an acidbase reaction, 


Sep 2 
atom of aleaboP functions as th cclephiland atacs thé 
eee  cokan i mala ne es 
Step 3: 
Ia eas ace SO ‘The alcoholic oxygen atoms deprotenaied.—> 
alcoholic oxygen atom is dopret 
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5: 
Me eecrons of an adjacent oxygen help to “push out the leaving group asa neutal water molecule, So, an 


offunvion is produced. 


fan acidibase reaction occurs. The akonlum jon is deprotonat sd to give the ester product 


Ms cH 
Cease 


—Sexelyah— ees 
: Ee eae FoRPe 
anboypii © Meet: 


+ 4,0 


Sarees pete 


‘amides disectly from the parent carbons. 
fe the amine, Thus. further i stopp 


ped since the carboxylate is a poor 


S\ cattoy pics 


1) REDUCTION To ALCOH( - 
ids are rege rims alcohols 
a 


Carboxylic acids are less reactive to reduction 
acids can only be reduced by LIAIH, and NOT by 


(2) DECARBOXYLATION \ 2 Nexaycloat® 
q Low erbon donde Gee deatoomatee st a) : mat . 
[) = aeatan, 
ex", IL fet aS 
So Se ee 
R~ ou as 


‘Simple carboxylic acids rarely undergo decarboxylation. 


Carboxylic acids with a carbonyl group at the 3- (or (-) position readily undergo thermal decarboxylats 
e.g. derivatives of malonic acid, 


The reaction proceeds via a cyclic transition state giving an enol intermediate that tautomerices to the ca 


Step 1: 


{The reaction mechanism involves transfer of the proton from the O:H group of one COOH to tie «! 


Of the other COOH group. ‘Thus, O-H and C-C bonds are broken and a-bonce 
concerted nature. 


are formed, The reatiol 


H. 
>) Ce i 
I aD } Ses 
pera ae SS NS 
I 


Step 2: 
Tautomerization ofthe enol ofthe carboxylic acid forms the the acid product 
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The carboxylic acid derivatives are a family of closely elated functional gr = 


so 9 ° 9 
y ll i Sie i I 
Be Re Sc eR ee 
je 20s pee (Qos gamie ee 


Eath céntain a C: 8 ‘group with a heteroatom attached. Thus, these are Aitler 
tones, 
4 Can all be prepared from the ‘parent’ carboxylic. ‘acid On hydrolysis # 


carboxylic acid’ 


They share a common reactivity pathway with nucleophiles called Nucleophilic Acyl Substitution 


mn) Al shasies ‘are the moéf reactive of the carboxylic acid derivatives. Therefore can be-read 
Inlo other carboxylic acid derivatives. Tae aeae : 
© The st quite Ze Cold wales and hyidrolyae to the carboxyhte acid, ThEHC! by-product Is usual 
[reves aia ese or ~ = = 
° ° 
f lane! 
ieee i Be Soe 
INE carats Saar R : 
r “ei | ° ea A aminy arvel 


pyridine 


Srrtiersssiay orld. com. 


—r 


FRIEDEL-CRAFTS ACYLATION OF BENZENE 


axon ae 


Benzene 


(6 Overall transform: 
2 * Named alter Friedel and Cr ov action 
%.* Reagent: normally the [acy halide Jeg. usually RCOCI) with| al 
catalyst Aone s + 
2_ + ThePICl, enhances the electrophilicity pf the'Beyl halide’by complexing with t 
5%. Electrophille species: the acy! cation [ie RCO ~ ) formed by the “rem 
©" The Lewis acid catalyst 
6 © Friedel-Crafts reactions are limited to arenes ps or more reactive tharl mono-halobe 
41 © Other sources of acylium can also be used such as acid anhydrides with AICI 
4 * The reaction can stil be called as a/Nucleophilic A stitution of the acyl halide. 
It s becouse overall we have a'nucteophite There the p-bond of an éfomatic fing) replaces 
‘group (chloride) at the electrophilic C=O. 


Swen 

REACTIONS OF ACID ANHYDRIDES 
A ‘Reid anbyides Dre the second most 

7” Fepglly Eonverted Gro the olber less reactive catboryic acid derivatives TSer above) 
*Koasejin often added tofSeutral the carboxylic acid by product that is formed. 


c. 
we, 
eR ee 
AS accept GE, 1! 
pie KV Get 


‘e¥aq 


— a 
R 


Sea 
~W 
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+ F ae ee 
Mee 38 AOS 7 
meee 
- . — (<0 wsneate ‘a— 
NYeaund yo Ane Boss = 8s 

geen ar 


to) 
\ > a aa 2 korn XN 
a Bu <P tee — * 
se Req) cours Sue Xoummed 
eee a oc aes eS 
yacoxy\ ArTVee Lae (crowed 
co 


ee TY a a 
Alkyl ar 


cid ot base (eg a9, 1,50, oraq Nadl 
Be = : 


* {aming methyl oF ethyl esters are the most reac 
esters 


i iydrolyee to the parent carboxylic acid and an alcohol 
aqueous acid (e.g. H;SO,) / heat, or aqueous NaOH / heat (known as “saponificatlon’) 
° 


c H 
Ro om) ROH 


munder BASIC conditions: + : 
mechanism shown leads to acyl-oxwaen cleaves snd esters of chiral alcohols.) 


from glycerol triesters i 


CH # 20, Carboxy 


cls and Functional Derlatives Boa] c 


REDUCTION OF ESTERS _ 


Rot 
“ ¥ 
‘©, Esters are less react 
i They canvonly be red 
+The reaction requires that 2 i 
\®™ The mechanism is an ex the w 
7% Note the aldehyde intermediate z \ k 


Step 1 a 

+ Td nucleophilic HYtom the 
the < 

‘The electrons from the C=O move) to the electronegative O creating an intermediate) metal alk 
<conbiers ee 


Step 2: 


xSy Arta 
eye eke Kh ceagon| 
GN set | 
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Pyrat 


ae ee ee 


gt 10: Carbonic acl and Functional Dertetves Boc5) 


EACTIONS OF RL! AND RMgX WITH ESTERS 
Carboxylic esters, Teact with 2 equi 
RCO,R’, 2 equivalents of organolithium or Grignard reagens to give tertiary. 


College Chemistry: Federal Board: Pert-II 


ONS 
eons 
2R— mM, ee Fock! 
aa LASS —~ R—c—oH Spe 
oR LI obt aa) aye” 
R 


é 
ae tertiary alcohol that results contains 2 identical alkyl groups (from R in the scheme) 
+ The reaction proceeds via a ketone intermediate which then reacts with the second equivalent of the 
organometallic reagent (review) ie 
+ Since the ketone is more reactive than the ester, the reaction cannot be used. 
- ‘The mechanism is an example of the reactive system type. 


‘eparation of ketones. 


Mechanism seat 


et hilic Cs eae 2 gent Gectrophitic Oh : 

. nu lic Cin ynometallic reagentjadds to the'electrophilic C th the polar carbonyl group 

oot ae = ie = 

+ The electrons from the C=O move to the electronegative O creating an intermediate fn 
com cea Re 


| Step 2: 
+The tetrahedtal iptermediate collapses and displaces the\aicohol portion of the ester as a leaving group 


+ This produces jas an intermediate. 
cH. 
Me ae Fe 
\;-Mg-Br + Ws or athe CH,-C-0 MgBr ——> CH;-C=0 + mg 
oat qe Acetone OEt 
Ethyl acetate 


3: 
os [The nucleophilic C in the organometallic reagent adds to the electrophilic C in the polar carbonyl group 
of the ketone. 

+ The electrons from the 
complex, 


C=O move to the electronegative O creating an intermediate metal alkoxide 


ae 
oa “This is the work-up step. Its a simple acid/base reaction 
© Protonation ofthe alkoxide oxygen creates the(akcohol product from the 


len, 


intermediate complex, 


HO+it | ass 
B22 cHyc—OH + Mg 
Le | oH 
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The only interconversion reaction 
and the amine. 


* Reagents: Strong acid (eg H,SO,) or 


9 ° 
Il ll 
t | 


ait Cc. 
R~ wp + HHO-H 


HYDROLYSIS OF AMIDES _ 
+ » Amides hydrolyze to the parent carboxylic a: 
The mechanisms are similar to those of esters 

* Reagents : Strong acid (e.g H.SO,) / heat (p: 


ferred) or strong base (eg NaOH} / heat. 
9 ° 

ae aaate 

R NR, + H-O-H Raion ne RNA 
REACTION UNDER ACIDIC CONDITIONS; 


® Note that the acid catalyzed mechanism is analogous to the acid catal 
* The mechanism shown below proceeds via protonation of the c 


* The mechanism is an example ofthe less reactive sustem type 


+ = 
MECHANISM OF THE ACID CATALYZED\HYDROLYSIS OF AMIDES 
Step 1: 

*  Itis an acid/base reaction, 


* In this reaction water is a weak nucleophile and carbonyl group of amide is a weak electrophil 
the ester is first activated by protonation, 


Protonation of the amide carbonyl makes it more electrophilic 


yeed hydrolysis of esters 
arbonyl not the amide N (see step 1 
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fan acibase reaction. The - 
i Flee a Gt08 loving rosy Sy eae S © be removed However, it is a poor leaving group. So, it is 


D ‘OF AMIDES 
® Amides, RCONR%, can be reduced to the amine, RCH,NR; by conversion of the C=O to -CHy- 


‘Amides can be reduced by LiAIH, but NOT by the less reactive NaBH, 


R—C—NH, 


i | 


[reagents: LiAIH, / ether solvent followed by aqueous workup, 
ther C=O compounds which reduce to alcohols 


This reaction is different to that of ot 
The nature of the amine obtained depends on the substituents present on the original amide. 
SA SN 


‘The bonds to N substituents don't change. 
ve 


College Chemistry 


° 
{| ‘ieee | 
c. Rot LIAIM, | i 
, — C—N 
Ry ls fon, 
| Samno WR, 
Fame RQ, 
. aves, This #8 because the 0 sy 
ee Seu 
Exercise QS (clll) How amides are reduced with LIAIH,? Give mechanism. 
MECHANISM; REL REDUCTION OF AMIDE WITH LiAIH, 
© The nucleophilic H from the hydride reagent adds philic C in the polar carbon), 
the amide 
'* The electrons from the C=O move to the electronegative O cr Ig an intermediate meta 4 
complex. 
cf cia uit 
| aE antiit Cy 
— + WF, ui eae a 
cH AH, cH; | NH, 
H 
4 Step 2: 
© The tetrahedral intermediate collapses and displaces the O as Part of a metal alkoxide leaving g 
* This produces a highly reactive iminium ion an intermediate 
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mes OF College Chemistry: Federal Boord:Partlt 


typically unde 
Nines lergo nucleophilic addition to give products that often undergo a further reaction, 


c=N _— Further reaction 
fi nN 
aw 
The cherisy ofthe nitrile functional group, CaN, is very 
UBetydes and ketones, Compare the two schemes. 


to that of the carbonyl, CaO of 


Nu—-H + — 


\ 
‘es 


Nu 


H+ ‘0 


1 its convenient to describe nitriles os carboxylic acid derivative 
the oxidation state of the C is the same as that of the carboxylic acid derivatives. 
hydrolysis produces the carboxylic acid 


‘carbonyl containing compounds, nitriles react with nucleophiles in two ways 
fl) Strong nucleophiles (anionic) add directly to the CaN to form an intermediate imine salt that 
(and often reacts further) on work-up with dilute acid 


fof such nucleophilic systems ore; RMgX, RLI, RC“CM, LIAIH, 


{neural require that the CaN be activeted prior to attack of the Nu 
Fan be done using a acid catalyst which protonetes on the Levis basic N and makes the sytem 


ae in, 


‘c oi 
\ 

/ Re, 

‘a structure that con be redrawn in another resonance form thet reveals 


the C since iti a carbocation 


CH # 20: Carbossc ocids and Functional Derivetices 


HYDROLYSIS OF NITRILES 2: x 
Nitriles, RC&N, can be hydrolyzed to carboxylic acids, RCO,H wie the amide, RCONHs. 


College Chemistry: Feder 


Reaction type: Nucleophilic Ad 
Reagents: Strong acid (eg H;SO,) or s 


Exercise Q2 (lo) Give the mechanism for the acid catalyzed hydroly 
MECHANISM: ACID CATALYZED HYDROLYSIS OF NITRILES 
‘Step 1: 

It is an acid/base reaction, Since. water is a weak nucleophile, therefore, the nitrile is firs 
protonation. So, the nitrile becomes more el 


Step 2: 
‘© The water O acts as the nucleophile and attacks the electrophilic C in the Cx 
© The electrons are moved towards the positive center 


of a nitrile? 


Step 3: 
Ikis an acid/base reaction, The oxygen that came from the water molecule is deprotonated 
“oa SS cH, 
5 4 H,0: 
CNH, 

+/ 
Liss HO: 

H 


Its an acid/base reaction. The N atom is protonated to give the -NH, group. 
Step 5: 


The electrons of an adjacent O are used to neutralise the nd a 
Beye eee pokey Positive charge at the N atom and « 


Step 6: 
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> The nitrile, RCN, gives the 1° amine by conversion of the CaN to -CH,-NH; 


Reduction 
—= — R—CH-NH, 


+ Reactions usually in E1,0 or THF followed by H,0° work-up 


on type: Nucleophilic Addition 
w Nitiles can be reduced by LiAIH, but NOT the less reactive NaBH, 
‘Typical reagents: LIAIH, / ether solvent followed by aqueous workup. 
+ Catalytic hydrogenation (H, / catalyst) can also be used giving the same products, 
4 Ray be either alkyl or aryl substituents 


ONS OF RLI OR RMgX WITH NITRILES 
° 


Ry—Mg—X 

Pen  e es 
o + R—C=N Cant 
Roti 


ction usually occurs in Et,O (Diethyl ether) or THF 


jon to that seen 


aldghudes and ketones: 
I) Theteaction proceeds via an imine salt intermediate that is then hydrolyzed to give the ketone product, 


R 
+ 5= HO" workup - HO hwor 
pee =Niligx ielagy Ne 
ne 
R, 


‘Since the ketone is not formed until after the addition of water the organometallic reagent does not get 
the opportunity to react with the ketone 
[Niles are less reactive than aldehydes and ketones. 


sie. 
$M: REACTION OF RMgX WITH AN NITRILE 
Cin the polar nitrile group 


"The nucleophilic C in the organometallic reagent ads to the electrophili 
ean abl mnove othe elecironegalive N creating an intermediate mine st complex 


ate salt protonates giving the imine 


Itis an acid/base reaction 
© The O atom from the water molecule is de 


Step 6: 
Its an acid/base reaction. The N system is 


trons on the adjacent O are used to push o% 
‘ammonia. An oxonium lon is produced. 


> 
Ttis an acid/oase reaction, The deprotonation of oxonlum ion gives the ketone pro 


CS ‘Step-1 Step-2 
6 4 


Hs 


+ 
C=NMgx —~ 
/ 


ethyl groups in ter-butyl chloride causes hindrance to the ho 
tertiary carbon. Therefore, tertiary butyl chloride does not gi Lote 
Syl reaction, Ths hindrance is called sterc hindrance sa nee otc: Kanad t | 


www-topstudyworldcom, 


‘+ Alcohol reacts with other reagents due to the breaking of C-O and O-H bonds. 


+ Ianucleophile atacks, the C-O bonds breaks The order of reactivity of alcohols with respec to cleavage 
of C-0 bond is 


Tertiary alcohol > Secondary aleohol > Primary alcohol 


Man electrophile attacks the O-H bond breaks. The order of reactivit ‘of alcohol with respect to O-H_ 
|" bonds cleavage: . 


CH,OH > Tertiary alcohol > Secondary alcohol > Primary alcohol 
Tow oxonlum lon creates the tetrahedral intermediate 


+The O-atom of alcohol functions as the nucleophile and attacks the electrophilic C in protonated 
carbonyl compound. 


+The electrons are moved towards the axonium ion and a tetrahedral intermediate i formed, 


Define toutomertzation? 
‘The process of conversion of one tautomer into the other is called tautomerization 


f OH 
c. ees ee 
~ 
on, Non, H,c7 cH, 


Keno teutomner Enol tautomer 


‘saponification? 
Mahala of ot wth olkalies to produce sop i called spanificaion reason 
i la of ts wn sk olny cds re produced. These sais ar called saps 
ol is also produced as 2 by-product. 
° 


CH # 20: Carbonic aide and Functional Deristives mm 


DO YOU KNOW? 


SOME IMPORTANT 
() Ethanol into sthanois acid 


CHy—CH,-ON + [O} 
praaie e 


° ° 


—t—n + 0) 
Acetaisenyse Etna 


(W Ethul bromide to proponois acid 
CHy- Cy Br + Mg CH CH ig—Br 


o 
fhe 5- i 
ee ae C0 FR cHecH,o—olfiger 
VY 
CorserSionce 


° 


Chy-CHy- — n+ Mg 


cH, 
Hyormertup \' 
Se c=o 
/ 
cH, 


o 

= heat f 
4o—c—dhin, 4,C—C—NH, + 1,0 
- 
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AND SCIENCE 
CARBOXYLIC ACIDS OCCURANCE. 
Sorbic acid ne 


‘+ Caprylic acid is present in coconut 

+ Lautic acid is also present in coconut 

‘« Myristic acid is present in nutmeg 

+ Archie ai is preset in pean 

«+ Citic acid is present in citrus frui on, hi sf 

+ Tararic aids present in tamarind nn et SAPO oranges 
«Lactic acid is present in apples, tomatoes an 
© Acetic acid is present in grapes. 

+ Malic acid is present in green apples and plums 
+ Benzole acid is found in berries 


Butyric acid is present in rancid butter 

Caproic acid is present in goet fat 

Caprylic acid is present in milk 

Palmitic acid is present in palm oi 

Stearic acid is present in waxes, animal fats and ols 
‘Amino acids are the building blocks of proteins 
‘Acetoacetic acid and pyruvic acid are t 
Lactic acid is found in sour milk 
Tattaric acid is found in wir 
Acetic acid is found in vinegar 


.chemical significance 


CARBOXYLIC ACIDS AS FOOD PRESERVATIVES. 

Formic acid is used as preservative for sl and other vest 
Boric acid was used as a food preservative in caviar (a product made from salt 
been banned now. 

Salicylic acid Its use has been banned now 

Benzoic acid is used as a preservative in jams, beer, preserved fruit pickles, fruit juice, desert sauces and syrups. 
‘Acetic acid is used os a preservative in ish fingers, butter, margarine, processed cheese. curry powder, cooking oll. 
Lactic acid is used as a preservative in beer, tinned foods especially vegetables and fruit, fresh fruit and 
vegetables. 

Propionic acid is used as a preservative 


k feed, 
1ed fish-eggs) but Its use has 


dairy products, particularly in cheese and in baking products 


TASTE OF DIFFERENT CARBOXYLIC ACIDS. ‘ 

i> Enters are derived from c acids by reaction of Ge and alcohols n the presence of 
hydrochloric acid or sulfuric acid, @ process ca! ; 
IEster flavors are a range of fruity, sugary and s o wee 
brewing process 

Examples of ester flavors are 


Ethyl formate gives raspberries their 

Ethyl acetate has a bittersweet, wine-like bur 
acetate has a taste reminiscent of pears or bananas. 
propionate has rum like taste. (Rum s distilled a! 


« types as a normal part of their 


ic beverage made from sugarcane 


found in pineapples: tastes like s 


College Chemistry: Federal Board: Pay) 


CH # 20: Cerbamile acids and Functional Derivatives 
Ethyl valerate has apple like taste 


Ethyl hexanoate |s an apple-flavoured ester 


Ethyl heptanoate has wine-like od: 


Ethyl octanoate found in pineapples has sweet teste 


lone pairs of the hydroxy 


oxylic acid derivatives such 


‘© The most important reactions of 


fs acyl halides, esters and am 


atives, especially acyl halides and 


‘© Esters can also be made 


anhydrides, by reac the appropriate alcohol in the presence of a weak base. 


* Loss of carbon dioxide is called decarboxylation 


* Simple carboxylic acids rarely undergo decarbor 


# Esters ore less reactive towards Nu than aldehydes or ketones 


Carboxylic esters, R\COOR,, react with 2 equivalents of organolithium or Grignard reagents to give 
tertiary alcohols 

* Amides hydrolyze to the parent carboxylic acid and the appropriate amine. 

+ Amides can be reduced by LIAIH, but NOT the less reactive NaBH, 


* The chemistry ofthe nitrile functional group, CaN, is very similar to that of the carbonyl, C=O of 
aldehydes and ketones 


+ Niles, RON, react with Grignard reagents or organolithium reagents to give ketones 
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QI: Select the right answer from the choices given wlth each question. 
() Accarboxy! acid contains functional group: 
(a) A Hydroxyl group 
(c) A Hydroxyl and Carb 


From the following carboxylic acids which acid hos higher oeiaty 
(a) Ethanoic acid 


w 


(iN) Which reogent is used ro reduce a carboxylic acid? 
(a) Ha ? <) NeBH, 
tw) , Stronger acid Is 
(a) CH;COOH WHCOOR CH,CH,CH,COC 
(v) (Acetamide is prepored by: : 
(al Heatihg am: 2 , 
(¢) Heating ethyl acetate sof me : 
(ol) Carboxylte acids react with metal £0 form salts ith the evolution of 
(a) COs ib} Hy 4) CH, 
(oil) Ethane-1,2-dlote actd Ip also colted: 
(a) Benzoie acid b) Oxalie acid F M 
(otty Cerbomplte eeld con be prepared by the action of Grignard's reagent with 
(a), (61 COy N: 
(le) The IUPAC name for formle acid Is 
(@Methanoic acid {5} Acetic acid : 
(x) The reaction of olcohol with acetic acid Ip known ox 
(a) sponification (Bj estificatic 2 
| (at) _Estere-are formed by the reaction of carboxylic acids with 
(a) alechols wae Alny! halide 
(eh Which one ofthe folloing hax oth ron an carborylc cid groups? 
| (a) phenol (b) plete acid x 
(ait) Which of the following connot be prepared directly from m acetle ocid 
a) acetamide fb) acety| cholouide ae i 
(cto) Reaction between coustic soda and o fat Is called 
(a) esterification. ~ —_ (b} hydrogenat x 
(x) When 6 carbosyite acid reacis with oleohol, produces a new class of compounds 
(a) ethers 


() esters 


iii) Ans: (d) LIAIH, 


CH # 20: Carboxite acts and Functional Dericatices 


(xi) Ans: (a) alcohols 
The reaction of carboxylic acid with alcot 
This reaction is called esterification react 


Since reaction of acetic acid with ammonia first 


jammonium acetate, Is then heated to give acetamide. 


(xu) Ans: (b) esters 
The reaction of earboxylic acid wit 
[This reaction is called esterification reactio 


3 
A 


(W)__ What are aliphatic and o 
Carboxylic acids are generally of two types 
Aliphatic carboxylic acids and aromatic carboxy! 
The general formula of aliphatic carboxylic aci 

. ° 


c acids 


—C—on where R = H or an alkyl group 


‘The general formula of aromatic carboxylic acid is 


\. ar-C—0H where Ar = phenyl or aryl group 


(W)_Gle probabil mechoniam of akaline hydrolyse of on ester. 


‘Step 1 = 
‘The hydroxide nucleophiles attacks at the electrophilic Cofthe ester C=O, breaking the 7 bond and creating the 


The intermediate collapses, reforming the C=O 
results in the loss of the leaving group the alkoxide, RO’, leading to the carboxylic acid, 


Step 3: 
‘An acd / base reaction. A very rapid equilibrium where the alkoxide,RO functions as a base deprotonating the 


carboxylic 


‘acid, RCOgH, (an acidic work up would allow the carboxylic acd to be obtained from the reaction). 


Yo 


mh 


pp doitonnte ses nc Fenctona/Dervatives College Chemistry: Federal Board: Patt 
‘Aearbaryiic acié does not form phenyi hydrazone when treated with phe ny! hydrazine. Explain 
Hysrane Contains BASH, groups. This group accepts proton from carboxyle acid with the help of 
tne par of electronson nitrogen atom. Since, lone pair has been used upMoreover. the carbonyl group 
glearbaxylic acs is less electrophilio hydrazine cannot attack as nucleophile on carboxylicid. Thus, 
pyorazme is not formed 


the mechanism for the acid catalyzed hydrolysis of a nitrile? 
res eee oe as 
‘acetic acid is offen called Glacial acetic acid? pam. 
Pure acetic a0 freezes to an ice lke solid at'T Therefore itis called glacial eetic acid. 


What is use of esters? 
Eeiers have fruty smell Thus they are used as artificial favours 
Fiavours of some esters are given below. 


Ester Flavour Ester Flavour 
Amyl acetate Banana Isobutyl formate | Raspberry 
Benzyl acetate Jasmine Ethyl butyrate Pineapple | 
— 2 Feed 


‘Amy| butyrate Apricot Octal acetate Orange 


How may nitriles be converted into carboxylic acid? 
“The nitriles on hydrolysis yield carboxylic acids vai amides. 


9 ° 
ll 


c. — Cc. 
R~ NH, 


CH @ 20, Carboxylic acids ond Functional Derios 


(x) How does carboxylle acids exist in nonpolar solvent 
The carboxyl 
appears to be twice of their actual mass 


acids exist as di i 


A) How ill you prepare carbaxylic acids from? 
(a) alkyl nierit 
The nities o 


R—C==N a 
R~ NH, Heat 


(b) Hydrotyets of eaters 
The ester on boiling with conc. sodium byctroxide gives sodium salt of the acid, which on 
dilute HCl gives free carborytic acid 


° ° 
R—C—OR, + Neon R—C—ONnet+ R,—OMN 


fi 
R—C—OGNwa* + HCI ——» R—C—OH + acl 


(W) Glee the reaction of acetic acid with the following 


~~ (@) SOC, oe 7 
‘Acyl chlorides are prepared by treating the carboxylic acid with thionyl chloride, SOCI, in the presence 
of a base 

° ° 
Il pyraing I 


CHy-C—ow * soci, “== cH,—c—ci + 80,+ Ho! 


tl i pereaeee | 
| Mse—c¢—On + Soci, — nyo—c—0—S— cy +H1* + cr 


coer 8 Cine} 
fee fl ‘ 
li Hyo—C—0—S— cr + cr —o yg Noe 
| 


ve 
o ° 
i eeees @ 
Mmje—eqor eth —= noe + $0,4 or 
IB sewn cred, 


Vv a + er —e yer 
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+ the C=O, with the electrons moving 


2: 
‘alcohol O functions as the nucleophile attacks 
ds the oxonium ton, creating the tetrahedral inte 


ion 


on 
ie 
ee ii + ¢HQK == Gem fate — Chere 
“a 20 Bey 
cH, 4 on, 


4: 
Jacidfoase reaction. Need to make an -OH leave. it doesn't matter which © convert it into a good leaving 


by protonation. 


water molecule. 


(electrons of an adjacent oxygen to help “push out” the lem 


Win the ester product 


C. 
E catiee Hot 
CH; toc, * . 


Etnyl acetate 


College Chemistry: Federal Board 


+ on heating produce acid amides 


heat 
——>_,C—C—NH; + 1:0 


et f 
no—cLotn, —= me—e + HO 
he pcetamide hit, 


W)Give the reaction of amine with Grigord reagent with mechanism 


Gk eee re ne /Br 
CHs-CH;—Mg—Br + HNAR me CHy—CH, + mg 
Ethyl magnesium bromide We Ethane NHR 


Magnesium alkylamino bromide 
(to) What happens when following compounds are heated: = a 
@— Caleium acetate 


oe 
ry ation 
= De=0 + caco, 
AC 
: ‘Acetone 


(it) Sodium formate and soda lime 
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40; Carbonic eclde and Functional Dertetives 
(a) Ammonium acetate 


What Is vinegor? Describe how Is vinegar prepared from ethanol. 
dilute aqueous solution of acetic acid is known as vinegar. Acetic acid can be prepared by the oxidation 


fehanol.  ——— 


K,6r,0,1H,50, 
o—cH OH + (oy EONS cy IO), 4c coon 


Ethanol Acetaldenyse Acetic 2018 
industry, acetic acid is also prepared by the fermentation of ethano! with the help of acetic acid bacteria, 


T, Between acetic acid and ethanol 
Page 381 

2, Between acetle acid ammonia 
Poge 382 

3. Between acetle acid and thionyl chloride 


would convert the following? 
‘acid Into acetamide 


nob —Ohin, 


it 
me e—N + HP 
Saami 


—= (CH,CO0);Ca + 21:0 


CH # 20: Carboxylic acids and Functional Derleatives 
TEST YOUR SKILLS 


Time: 20 Minutes Marks: 17 


Note: “Over writing. cuing, erasing, using lod penc will esl in loss of marks. 
QL. Circle the correct option i.e, A/B/C/D, Each part carries one mark. 
(Vinegar is 
A.45 % acetic acid B. Glacial acetic acid ©. Pure acetic acid 
Which ofthe following is not a fatty acid? 
A Phihalisacid —B. Benaoic acid C Phenylacetic acd All of above 
in Fischer estenfication, the reactivity order of alcohols is 
DU>2>3  BI>P>F>CHON C.F >2>1 

(iv) Acetic aed at low temperature freezes and called 

‘A.90% acetic acid il C Semi solid acetic acid D. None of above 
) Which one of the following acid is used for the preparation of synthetic rubber 


‘A. Carbonic acid B Formic acid C. Acetic acid —D. Butyric acid 
(vi) 2-Hydrony propanoie acid i called 


A Ovalic acid B. Lactic acid —C. Civic acid D. Aspartic acid 
(i) Carboryic acid on reduction with HI and red phosphorous gives 

B Alkenes ——C.Alymes_D. Alcohols 
(sii) ~The carbonation of Grignard's reagent is used to prepare 

‘A’ ocid halides B amides 
(Which of the Se 
toluene sulphonicacd — ©, Both 

C) With is cid bois at 

B Higher temperature Similar temperature 
Reaction between caustic soda and a fat is called 


(a) esterification (b) hydrogenation (¢) neutralization (d) saponification 
‘A.Acidle amino acid B. Basic amino acid C. Neutral amino acid D. All of above 
(it) The reduction of rites gives. 


A dleohols “amie C. ester 


D.None 
(ri) Which is the stron ost act 


ACLCCOOH:  BHCOOH —_c.acH,cooH. 
(av), The reduction of esters with LIA, 


Lip — 
‘A Amino acs —Wramide "CG, aleahal™ —D allane 
(iv) Which ofthe folowing derivative of carboiylc eed isthe most reactive? 


B. amides C anhydrides 
(0) Catalyet used for preparation of anhydride is 


AKC," 50, 
(xvilk-“The odour of esters ix 


'® Pungent— TB. Sulfacating 


D. Ary one of these 
w 


>CH,OH —D CH,OH > 


D. esters 


D. None 


D An indefinite temperature 
x) 


D.CH,cooH 


D esters 


‘SUBJECTIVE 


Total Marks Section B and C: 68 


Q2. Attempt any FOURTEEN parts, The answer to eon es ‘ot exceed 5 {0 6 lines. 
(0) Name the folowing compounds according to IIPAC system, 


03 
00H 
HO—cH-coom {CH,C00H 
He SS 
HWo—cH-CooH cryin ee 
‘c0oH 
. » . 
(i) Acetic acid a component of vinegar. 
fn How i Acetic nid manulactred from Acetylene? y 
b. Whats glacial acetic cid? o 


(iv) 0. How is acetic ac prepared from all res? it 
Gi the mechanism forthe reaction of acetic acid with SOC, 
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ESAS oh od Pome 
“s Bs3 Cotege Chemin Feel Bor Pert 


oWre he structural formula of the fowing 
‘a. Reylonitile Acetophenone nbc os 


9) Whats her exertion? Give mechanism Bs 


dt he product ofthe following reactions / 
1. CHCOOK + ee 


ja. What are lactones? a 


'6, Why methanoic acid is usually called formic cid?” 1 
 Whylow molecular mass carboxylic aids are water soluble, while high mol, mass are insoluble? OL 
‘a. While the reactivity order of functional derivatives of carboxylic mcs 18 
'b, What are acid anhydrides, how they are formed?” 15 
Describe the acidity of carbonic acids? 03 

‘W) & How may amides be prepared? oO 
16, Descbe the mechanism of decarboxylation of dearbonyc ecids a 
f) How ethanol is converted into acetic cid? a 
1, Whats nucleophilic acyl substitution? Give example a 


i]. What are dicarbonyic acids? 1s 
1b Describe the structure of a COOH group? 15 


How the nckd by product suchas HCl is removed from the solution? 1s 
‘0. Why acatic acid soften called glacial acetic 261? 15 


#)%. Molecular mass of carbonyic acid appears dovble in non polar sobent. Why? ra 
1S What happens when acid anton ae rested wh oh a 


How a-amino acids can be converted into a-hyroxsl acs? ot 
‘Wile two chemical reactions in which carboxy group of carbonic acids involved? 2 


pssef College Chemistry Federai 


6 Wha tp cf abort maths re! ae sce mechs rene hire pevenntn of ace 
4 How ratres are prepaned? 


0.4. How wend you convert Acetic mcd ints thw flowing com 4 


Q. 5. a Wie the machaniam of reaction of a Giga 


8 Gre the OPAC naman cde kno oo 
® 
9 
Hees 
4 “ 
C-HeL 
'C—OH aoe ™ 
Il ¥ 
8 
o) (Aes 
9 
eon 
(0) Valerie med 


—< Hose ey asd ba be coment ro deren hnsonalSernives of caren acids 04 


Biochemistry Is the branch of sclence concerned with studying the various molecules that oceur In loin 
Sa ep ap etd 
Biochemistry isa fiybrd science 
{Biology isthe science of living organisms aiid chemistry js the science of atoms and molecules, so biochemistry 
Pathe ecience of the atoms and molecules in living organisms 
Biochemistry is concemed with the(Gomplete spectrum of all forms of life It covers from relativ 
‘and Bacteria to complex human beings, 
If attempts to describe the\ structures, Jmechanisms, arid chemical processes)shared by all organisms on 
‘molecular level. 
Living organisms should be able to transform matter and energy into different forms, show response to changes 
intheir environment and show growth and reproduction. 


simple viruses 


{OMOLECULES 
cules conteiningjJarge number of tomsland high molecular mass¥re called macromolecules. 


[Alliving organisms undergo changes due to large organic compound called macromolecules. 


Four main types pf macromolecules control all activities. They are carbohydrates, proteins, lipids and nucleic 


ICorbohydrotes ore called carbohydrates because they contait carbon. oxygen and fusirogenjand these 
in proportion fp form water with thé general formula C,(H,0), 


ids of aldelydes or ketones 


he organic compounds containing hydrogen and oxygen inthe proportion df 2:1 are not carbohydrates 


1,0) 
F  CH,COOH = GINO), 
id) CH,CH(OH)COOH =Cs(t0)s 
ithe other hand, Rhamnose (CyH1,20s) does not have the ra 


Carbohydrates 
harides are the. 


most abundant of the four types of macromolecule 


dinky. energy transponta y 


in living organisms, inc 


‘arthropods. 
‘are actively involved lo fervent 
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Most organic matter on earth is made 
including: 

Energy stores, fuels, and metabolic 
Ribose and deoxyribose sugars an 
The cell walls of bacteria are 
Cellulose fa type of carbohydras 
Carbohydrates are linked to many 
interactions 


floc haces volved in so many 


termediaries 


tk of RNA and DNA. 
types of carbohydrate) 


SAS8S 


where they are vitally involved i 


Exercise Q3 (): Describe different classes of Carbohydrates. 
Carbohydrates are classified into 


Definition: The carbohydrates which de not hydrol 
This is the smallest possible sugar unit 
* The term blood sugar refers to glucose in the blood: 
Glucose is a majot source of energy for a cell 
Glucose is naturally in honey and coms 
In human nutrition; galactose can be found mo: 
Fructose isfound mostly in vegetables arid fruits 


ly in milk and dairy products. 
pes) 
‘When monosaccharides join together in linked groups, they are called polysaccharides, 
Examples: glucose, galactose or fructose 
CLASSIFICATION OF MONOSACCHARIDES 
* Monosaccharides can be further classifi 
* Among these hexoses (6-carbons) are mast common. 


ied by the number of carbons present. 


Fructose i fs as 
a 
‘ 
H—¢—on GHs—oH 
3 
Ho—¢—H 4 h 4 .9 
: ae 
H—¢—on | OH a 4 
i pes | \3 2 
H—¢—on OH HO j ; 4 
i 
CH,-04 H oH 
D-Glucose B-D-Glucose 
(open chain form) (cylic form) 
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1 
GHroH 
b 
c=o 1 
} Bort °. 4 
Ho—¢—H 
i See 
H—¢—oH a ve. h 
t Ho NG a7 GHe-on 
—— : 
ia IAI 
GHy-OH 
Ded (cylic form) 
(open chain form) reeey 


Carbohydrate producing two monosaccharide units on hydrolysis are called disaccharides. 

‘¢ Inthese two monosaccharide molecules are bonded together to form disaccharides. 

+ Disaccharides are polysaccharides. The term “poly” species any number higher than one, while “al 
specifies exactly two, 

¢ lactose, maltose, and sucrose, 


+ Lactose is formed in the milk 

‘¢ Sucrose occurs in sugarcane, sugar beet, mango, pineapple, almond and apricot. 
the monosaccharides combine with each other: 

fe OH group of one monosaccharide molecule acts as alcohol. It forms a glycosidic linkage with the hemiacetal 
pol second monosaccharide molecule. In this way, glucoside is produced which is called disaccharide, 

"formed from two monosaccharides by the elimination of one molecule of H,O 


Gilycosidic linkage 
> Sucrose 


(oie moles factose is formed which is commonly found in rill 


CH 21. Blochemisey 
POLYSACCHARIDES 
Definition: The 
polysaccharides 
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3 The chain may belbranc 


*  Polysaccharid 


ousands of monosaccharides 


a complex compound is a poly 


Examples: Starch, cellulose ete, 


A brief summary Is presented belo 


Sucrose 


Stach 
Galactose t Malose | Ghee 
is Freese t Lactose 32 
Ribose 


~ Gijceraldehiyde 


Interesting Information 


A new system for clasuying carbohydrates is the glycemic index. The glycemic index ranks foods on how 
atfect blood sugar level by measuring how much the blood sugar increases after ane eats 


9F CARBOHYDRATES IE 
functions of carbohydrates are given below. 
* They are source of energy. Thus, they spare protein so that 

maintaining body tissues instead of being used up as an er 


* Fo proper lat metabolism, caxbobydrotes must be present: i there are not encugh carbohytrats, the 
amounts of fat are used for energy. The body is not able to handle 
accumulates ketone bodies, which make the body 


brotein can concentrate on building, repaiting, 
nergy source, 


this large amount so quickly, 
‘acidic. This causes a condition called ketosis, 


* Carbohydrates necessary for the regulation of nerve tissue These are the only 

* Certain types of carbohydrates support the growth of healthy bacteria in the 

* Some carbohydrates are bigh in fibre. These helps prevent constipation. These also lowers the rk orc 
diseases such as cancer, heart disease and diabetes 

‘© Polysaccharides act as food stores in plants inthe fo 
alycogen 


* Polysaccharides also have structural roles in the plant cell wall in the form of cellulose © pectin, and the rou 
outer skeleton of insects in the form of chitin, 


source of energy for the 


intestines for digestion, 


m of starch, or in humans and other animals inthe fo 
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“STORAGE POLYSACCHARIDES is 


The carbohydrates are stored as glycogen in humans and animals. 
Jtisa polysaccharide that is stored in the liver and muscles, 


are glucose polymers made up of Amylose (10-20%) and Amylopectin (80-90%). 
Siarches are water insoluble. 
Humans and animals digest them by hydrolysis. Our bodies have amylases which break them down, 
Rich sources of starches for humans are potatoes, rice and wheat 


‘Structures of Amylase and Amylopectin are given below 


POL ep ep 


a oy 
one ee c,) 


-glycosidic linkage 


1.6-iycosidc linkage 


CH # 21: Blochemistry 


(2) STRUCTURAL POLYSACCHARIDES 
Cellulose. 
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* The structural constituents of plants are made mainly fr 
+ Wood is mostly made of cellulose. 
* Paper and cotton are almost pure cellulose 


CH,OH H OH 
4 ‘OH H 
oY 
O- 1 1 H Les) oO O- 
Chitin: 


= tis one of the most abundant natural materials in the world 

+ Microorganisms, such as bacteria and fungi secrete chitinases, which over time can break down chit 

‘+ Chitin is the main component of fungi cell walls, the exoskeletons (hard outer shell/skin) of art 
crabs, lobsters, ants, beetles, and butterflies. 


(3) BACTERIAL POLYSACCHARIDES _ 


+ They are found in bacteria, especially in bacterial capsules. 


* Pathogenic bacteria often produce a thick layer of mucous-like polysaccharide. This layer protects 
from the host’ immune system, 


Thus, ifthe bacteria are in a human, then human's immune system would less likely 
the polysaccharide layer covers its pathogenic properties. 
/UTRITIONAL IMPORTANCE OF CARBOHYDI : 
‘+ ‘Scientific research has shown the diverse functions of carbohydrates in the body and th 
* Bread, pasta, beans, potatoes, bran, rice and cereals are carbohydrate-rich foods 


Remember! 


+ I gram of carbohydrate contains approximately 4 kilocalories (kcal) 
+ 1 gram of protein contains approximately 4 kcal 
+_1 gram of fat contains approximately 9 kcal 


attack the bacte 


(A) BODY WEIGHT REGULATION = 
People eating a diet high in carbo! 

follow a low carbohydrate/high-fat diet. 
Itis due to three reasons 


hydrates are less likely to accumulate body fat compared with those # 


rate diets, as carbohydrates have fe 
filing, s0 fewer calories may be consumes! 
and sugars, work quickly to aid satiety and 
ly to overeat, 
rate, as compared with those high 


(ult is evident that diets high in carbobyel 
developing obesity 


in fat, reduce the likelihom 


Interesting Information 
‘* In several studies, high sugar consumers have been 


Jound to be slimmer than low sugar consumers 
© Obesity means having too much body fat. rs 


www fopstudyworld’com — 


College Chemistry: Federal Boord: Port! 


“ere is no evi —— a 

OS aspainad consumption inked othe development of ny peo diabetes 
nce that obesity a 

* Frain dependent diabetes, which es helio increase the likelihood of developing non: 


Weight reduction is usually n¢ 
{Type diabetes. ally necessary and is the primary dietary aim for people with norvinsulin dependent 
Consuming a wide range of carbohydrate foods 
te is an acceptable part of the diet of all diabetics, and the 
Seed seeming foods is beneficial as they help to requlate blood glucose control 
Fecom 'e dietary management of diabetes allow a modest int of ordinar 
o ia amount of ordinary sugar as the 
indusion of sugar with a meal has litle impact on either blood glucose or insulin concentrations in people with 


Affecting Tooth Decay 
Incidence of tooth decay is influenced by a number of factors. These include 
degree of oral hygiene and plaque removal carried out, 
availabilty of luoride, 

‘ype of food eaten, 

frequency of consumption of any fermentable carbohydrate 
genetic factors 


of Carbohydrates In Tooth Decay 

eds containing sugars or starch can be broken down by the enzymes and bacteria in the mouth, This 

produces acid which attacks the enamel ofthe teeth. 

The important thing isthe often use of carbohydrate not the amount of sugar or other carbohydrate 

‘Mier an acid challenge, saliva provides a natural repair process which rebuilds the enamel 

When carbohydrate-containing foods are consumed too frequently, or chewed over time, this natural repait 
Is overcome by the tooth decay process. Thus, the risk of tooth decay is increased. 


(GETTING ACTIVE Tate 
Te now substantial evidence that carbohydrates can improve the performance of athletes. 
high intensity exercise, carbohydrates are the main fuel for the muscles 

Eonsuming high levels of carbohydrate belore. during and after traning or an event, glycogen stores ave hept 
iodhed, These stocks help the athlete to perform for longer and help their bodies sustain the effort 


al tole f physical activity in maintaining heath and fess in the general population 


Haro douts that many people would benelt from increasing their Activity level as it hebys 
bei Walaa reduces the rk of developing diseases sch as heart disease and diabetes, For those who 


to keep fit and active, a well-balanced high: carbohydrate diet is recommended. 


Sear ip ot ate a 


CH # 21, Biochemistry 


(2) Quote one example of each type of carbohydrates 
Carbohydi 


Monosaccharides: .9.9 


Disaccharides: e.g, lactose, maltose, s 
Polysaccharides: e.g.t2r 


(3) Write structural formulae of Glucose and Fructone 
Page 388,389 
(4) Whet do you understand by aivcemic index? 
Iris a new system for classifying carbohyd 
The glycemic index ranks foods on how they affec 
blood sugar increases after one eats. 


ycemic index 
ood sugar level by measuring how much 


ates is the 


(5) How much calories do Igm of carbohydrate hove? 
J gram of carbohydrate contains approximately 4 kilocalories (ki 


(6) On whot factors tooth decay depend? 
The incidence of tooth decay is influenced by a number of factors. These include: 
+ degree of oral hygiene and plaque removal carried out 

availabilty of fluoride, 

type of food eaten, 

frequency of consumption of any f 

genetic factors 


mentable carbohydrate 


IPROTEINS 


Definition: The molecules which yield amino acids on complete hydrolysis are called Proteins 


‘+ Proteins are probably the most important class of biochemical mole 
carbohydrates are also essential for life 


s, although of ¢« 


+ Proteins are the basis for the major structural components of animal and huran tissue 


* Proteins are natural polymer molecules consisting of amino acid units, The 
proteins may range from two to several thousand 


‘© These molecules contain nitrogen, carbon, hydrogen and oxygen, 


* They act as biological catalysts (enzymes), form structural parts of organisms, participate in ce 
‘recognition factors, and act as molecules of immunity. Proteins can also be 


a source of fuel 


8 are usually defined 


Definition: Those which give one amino ocd only, upon hydrohss 


| 


¥ blood (serumbumin); milk (lactalbumin); egg white (ovelbumin), 
{phaseolin); wheat (leucosin) 

Globular protein is soluble in water and dilute salt solution, 

{tis precipitated by saturation with ammonium sulfate solution, 

Itis coagulated by heat. 

{ts usually found in plant and animal tissues. 


lentils (legumelin); kidne 


Sa88 
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f ea sobulins); muscle (myosin) potato (tuberin); Brazil nuts (excelsin): hemp (edestin); lentils 
¥ Globular protein is sparingly soluble in water and soluble jn neutral sok i 

% Wispreciptated by dilute ammonium sulfate. NOMS 

¥ Itis coagulated by heat 

4 Itis distributed in both plant and animal issues 


+ Glutelins: 
¥ Wheat (glutenin}; rice (oryzenin) 
¥ Itisinsoluble in water and dilute salt solutions. 
% Itis soluble in dilute acids 
tis found in grains and cereals 


+ Histones: 

¥ thymus gland, pancreas and nucleoproteins (nuicleohistone) 
¥ tis soluble in water, salt solutions and dik 
¥ Itisinsoluble in ammonium hydroxide 

¥ Ityields large amounts of lysine and arginine 

# tis present combined with nucleic acids within cells 


acids, 


+ Scleroproteins: 
¥ connective tissues and hard tissues 

¥ Fibrous protein is insoluble in all solvents 
¥ Itis resistant to digestion 


Those which give an animo ockd and non-protein group upon hydrolysis 


¥ cihoplasm of cells (ribonucleoprotein), nucleus of chromosomes (deoxyribonucleoprotein), viruses and 


 Iteontains nucleic acids, nitrogen and phosphorus 
TY itis present in chromosomes and in all living forms as a combination of protein with either DNA ot 
RNA, 


saliva (mucin (ovomucoid). 
SPrsana carbs wah amin sign, maya nd ses 


CH # 21: Blochemistry a 
C. DERIVED PROTEINS: 2 


Definition: Those which are derived from simple and conjugated proteins 
Examples: 
+ Proteans: 
¥ edestan (from elastin) and myosin (myosin). 


Y  Itresults from short action of acids or enzymes. 
¥ Itis insouble in water. 


Intermediate products of protein digestion. 
Itis soluble in water. 
It is not coagulated by heat. 
Itis precipitated by saturated ammonium sulfate. 
Itresults from partial digestion of protein by pepsin or trypsin 
+ Peptones: 
intermediate products of protein digestion. 
¥ Ithas the same properties as proteases except that they can not be salted out. 
tis of smaller molecular weight than proteases. 
* Peptides: 
¥ intermediate products of protein digestion. 


¥ Two or more amino acids joined by a peptide linkage. 
¥ Itis hydrolyzed to individual amino acids, 


[STRUCTURE 0F P07: \ ccc 


QS (lt): Explain the structure of Proteins. 


‘The structure of a protein depends upon the spatial arrangement of polypeptide chains present in proteins 


Since three spatial arrangements are possible, proteins have the following structures. 


(A) Primary structure 
(B) Secondary structure 


(C) Tertiary structure 
(D) Quaternary structure 
Quick Quiz-2 ond 
(a) THE PaInany STRUCTURE GF PROTEINS ee ee rote, 


* The sequence of amino acids in a peptide chain is called 
‘Primary structure, 
‘Amino acids are linked with one another : 
Primary soucture. re through peptide bond. The arrangement of these acids is cll 
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STRUCTURE OF PROTEINS 
pg orlolding of polypeptide chains represents tertiary struc. 


protein is the arrangement of multi 


itcomplex. 


itto understand 


joined 


1 one of these small molecules 
‘amino acids found in most proteins. All but one of urd 


oer 
si 3 rent from one 


‘common 


a name which comes fr 
> acid 
chain © 


(2) Nucle 


(3) Enaymnes avo 
(4) Hemoglot 
(5) Some of t 


(6) Prowins have w 


precipitation 0 by tank 
(7) Gelatin is ot nd 
(8) Casein is anot 


(9) Proteins ot 


QUICK QUIZ.2 
(1) What are proteins? Gl 
The molecules which min 
Proteins are classifi 


Simple Proteins: ¢.g, Albumins Globulins: Histones 
Conjugated proteins: e.g. Nucleoproteins. Gly 
Derived proteins: ©.g. Proteases’ Peptor 


(2) Differentiate primory, secondary and tertiary structure of Proteins. 
Page 396 

(8) What are polypeptides? 
When amino acids are joined together in long chains by peptide bond, then the compound is cal 

° ° 


I 
“GH-C—ENH—CH—C-4NH—CH-C—On 


R In R 
Polypeptide 


ENZYMES (Greek tora En means In and Zyme me 


"ans yeast) 
Deation: Enzymes are biocotalyss which alter the speed of metabolic ortiviies m the 
Enzymes are complex protein molecule 


living bodies 
5 which are quite speci 


in action and sensitive to tempera 


jochemical react 
These processes allow organism to 
environments: Its of two types 
¥ Anabolism 
Catabolism 


biochemical reactions are actually energy transfers. 
* During metabtism, chemicals are transformed from one form to the other by enzymes. 
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+ The molecules at which enzymes act 


are called an - = iffer 
molecules, called products. led substrates, and enzyme converts them into different 


© When enzyme attaches with substrate, a temporary enayme-subsvate [ES) complex i formed. 
7 rary en : plex is formed. 

+ Enzyme catalyzes the reactions and substrate is transiormed into product 

+ Allert, the ES complex breaks enzyme product 


E+S > ESComplex > E+P 


JLOCK AND KEY MODEL: 

In 1894, a German chemist, Emil Fischer proposed lock and key model 

According to this model, both enzyme and substrate possess specific shapes that fit exactly into one 
another, This model explains enzyme specificity 


Products 


Substrate | 
Active site 1} 
[ \\ i 
/ \ i 
| “Enzyme 
eer) \ 


Enzyme-substat 
complex 
Fig, Lock and Key Mode! 


fe 5 ‘ 
tm 1958, an American biologist Daniel Koshland suggested a modification to lock and key model and 


proposed induced-fit model. 
‘According to this model, active site is not a rigid structure. Instead is molded into the « 


‘Perform its function. 
3 ‘Substrate active site changes 
ies 
Active site aN Enzyme- 


aa ssubsiral 


complex 


red shape to 


CH 4-21. tochemistry 
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(1) Winhelm Kuhine (197 
(2) There are over 2000 known enaymes, ench 
(3) Enzymes are substrate 


4) first time 


The enzyme prote 
by an enzyme am, 


Similarly lipase eneyine ucts 


Exeretve Q5 (Hi): Bete 
© Any factor that ca 
Following factors affect the en 


describe the factors that affect the Acti 


ity of enzymes. 


hange th 


chemistry or shape of enzyme molecu 


wyime activity 
() TEMPERATURE a 

+ Increase in femperature speeds up the 5 

teactions, but only to a certain po i 

* Every enayme works at its m 4 

Wunberature called as the optimum temperature for that enzyme. & 

* When temperature rises to a certain limit, heat adds * the 3 

z 

H 

é 


od 


aximum rate at a specific 


clivation energy and also provides kinetic energy for the 
teaction. So reactions are accelerated 

* Hlowever, when temperature is raised well above the optimum 

“iPerature, heat energy increases the vibrations of stoms of 

traine. Thus, the globular structure of enzyme is lost. This is Tomperaie( 
seo 28 the denaturation of enzyme. It resuls ina opal 

wyme action and it may be blocked 


EE 
c) 


completely, 


CONCENTRA’ 


Hf enzyme molecules are a 
substrate concenir, 


HM enzyme concen 


do not find free active site. 
uration of octive ste and reaction rate does not 
increase. 


All enzymes work at their maximum rate at @ ndnow rang of pH, 

called as the optimum pH eee 

© A slight change in this PH causes retardation in enzyme Activity or } 
blocks it completely 


. hange in pH can afet the ionization of the amino acs at he f 
active site 


Every enzyme has its specific optimum pH value. 
eg. 
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inhibitor Is @ chemical substance which t 
ich can react (in place of substance) with the enzyme but is never 
red Into products by blocking the active sit of enyme temporary ov permanent. 


Poisons like cyanide, antibodies, anti-metabolics and some drugs 


£S OF INHIBITORS 
jor can be divided into two types 
(a) reversible inhibitors 
{b) Reversible inhibitors 
Ible Inhibitors 
‘© They occupy the active sites by forming covalent bond or they may physically block the active sites 
«They decrease the reaction rate by occupying the active sites or destroying the globular stu 
enzymes. 
ible Inhibitors 
‘They form weak linkages with the enzyme. 
Their effect can be neutralized completely or partly by an increase in the concentration of the substrate 


OF INHIBITORS ana = 
The inhibitors may decrease the activity of enzymes and thus the rate of the reaction. It decreases the rate 
‘ther by combining directly with the enzyme or by reacting with the activator, so that the activator does not 
Temain available to enzyme for activation. 


are two types of inhibitions 


tive Inhibition: 
inumber of inhibitors have structures similar to substrate molecules. So, due to the structural similarity with the 
, they may be selected by the enzyme binding sites. However, these are not able to activate the catalytic 
They compete with the original substrate for the same binding site. Often their affinity to the enzyme is muc h 

het than that of the substrate, so the substrate is displaced effectively. The enzyme molecules are thus to a large 
Inactivated by the binding of the inhibitors. No products are formed in this way, This type of inhibition is 


‘85 “competitive inhibition”. 


Fumari acid + succinic 
(Proet) & 


‘Presence of malonic acid (competitive inhibitor) having ‘structural similarity with succinic acid (substrate 
sites Se ryte mato wid Hence, no catalysis takes place at the active or catalytic sit 


+ —_Noreection possible 
rane oct 


Non-Competative Inhibition: 
* Another type of inhibitors, called non-com, rein i @ In 
© Here, the inhibitor is not bound to the cata! ‘ : 


distorts the enzyme’s 


ture also affecting 
genuine substrate binds the 
© Inthe reas 


blocking the acti 


Iysed by enzymes irreversit itors cause irreversible inhibition ¢ 


sites of enzymes or by occup 


of reaction is retarded due 


to the occupation of active sites of by irreversible inhili ' 
destruction of the globular structure of enzymes 

Note: 

Competitive ond non-competitive inhibitors are the two major types of reversible inhib 


INDUSTRIAL APPLICATION OF ENZYME- 
Enaymes are extensively used in different indu 


(1) Food industry: Enzymes that break starch 
buns ete 
(2) Brewing industry: Enzymes br 
produce alcohol) 
(8) Paper industry: Enzymes break starch to lower its 
(8) Biological detergent: Protease enzymes are 
mes are used! in dish washing to remove 1, 


ies for fast chemical reactions. For example 


into simple sugars are u: 


k starch and proteins. The products are used | 


sly that aids in making pap 
used for the removal 


esistant starch residues 


(1) What ore enzymes? Why are they called biocotalysts? 
Enzymes are biocatalysts which alter the speed of me 
Enaymes act as biocatalysts because they spe: 


(2) How does enzyme work 
Page 


olic activities in the living 


ed up and regu 


(3) Who has used the term Enzyme frst time? 
Winhelm Kuhne (1978) first time used the term zyme (Greek: En, in + Zyme, yeast) 
@ Why ore foto ; 


Following sclentsis famous for? 
W Email Fischer 


In 1894, a German ch 
According to this 
This model explai 


(W Doni! Koshland 
In 1958, an American, biologist Daniel Koshland proposed the induced-fit model for the wo f 
According to this model, active site is not a rigid ‘structure. Instead is mold 
perform its function 


ided into the rec 


rerist, Emil Fischer proposed lock and key 
model, both enzyme and substrate po: 
ins enzyme specificity 


nextel for 
s8e85 Specific sha 
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‘organic compoun 
‘occurring organi pounds of animals and plants ori 


lipids. 
Moe iid is derived from Greek w. 
neal roe moleeles 2S Pasay hs ele 
theeBe the main constituents of all membranes is all eae 
baht emediaies in signaling pathways, Viterming A DE aod 
Is pds ore bydrophoble: this Is the one on 
includes fas and cls, waxes, phos 
ther related compounds. ait 


storage molecules, 


roup of 
and some 


al with a 


ddration 


fatty acid 


Hy-OH 
Glycerol Triglyceride 
SIFICATION OF LIPIDS 
ae three broad classes of lipids 


UPIDS ma 
hee are the ester of fatty acids with glycerol 


neutral fats: These are found in adipose tissue, but 
‘beeswax, head oil of sperm whale, carnauba o, and 


iD LIPIDS es 
n radials in addition to fatty acids and alcohols 


(phosphatides): Found chiefly in animal tissses 
Found in brain, heart, and muscle 
t: Found in brain, heart, kidneys, and plant tissues tove! 
rapid synthesis, and degradation 
brain. and red blood cell: 


Tipids. 
‘also exhibit in complex { 


igin, which are soluble in organic 0! 


CH;-OH 
CH—OH 


CH;-OH 
Glycerol 


Lipids are gener. 
proteins and nucle’ 
+ Lipids associate with 


ly defined in terms of ty, a 


ids are defined in 


Structure of Fatty Acids 
© The “tail” of a fatty a: 
* The “head” of the molecule is a 


Fatty acids are the main components of soap: 
in water to emulsify and wash away the oily dirt. Howeve 
that whole molecule is hydropho! 


* The terms saturated, mono-unsaturated, and poly-u 
shows the number of hydrogens attached to the 
of the fatty acids as compared to the number of di 
between carbon atoms in the tail 


ds 0 
1 


i HHH HH 
H ' 
“Caine 
‘Fats are mostly obtained from animal sources. C-6-C-C-C-C-Ca, 
* These have all single bonds between the carbons in theirfattyacid gf 1 1 1 1 Bei 
tails. Thus all the carbons are also bonded to the maximum | 4 H H H 
number of hydrogens possible, Thus, these are called saturated 4 watunien 
fats 
+ Fats are solid at room temperature: |t is because the 
hydrocarbon chains in these fatty acids are faitly straight and can pack closely together, Thus, 
points are high making these fats solid at room temperature 
Ons: 


* Oils are mostly obtained from plant sources. These, have some double 
in the hydrocarbon tail It causes bends or “kinks” in the shape of the 

* Since, some of the carbon atoms share double bonds so they are bonded to less number of hychoott 
than saturated carbon atoms. Therefore these oils are called unsaturated fats 

Olls are liquid at room temperature: These are liquid at room temper 

hydrocarbon tails, unsaturated fats cannot pack as closely together. 

making them liquid at room temperature 


bonds between some 
molecules, 


. ture, It is because of the kink 


Thus their melting p 


Important! 
‘The unsaturated fats are “healthier” than the saturated ones. 


PROPERTIES OF LIPIDS 


(1) Olls and fats may be either liquids or non-crystalline solids at roam temper 
(2) Fats and oils in the pure states are colorless, odorless and tasteless. 


(8) The colar fats arise due foreign substances, for example yellow color of the butter is due to the P'™ 
keratin, 


(4) They are lighter than water. 

(5) They are insoluble in water 

(6) They are readily soluble in organic solvents 
chloroform and carbon tetrachloride. 


like diethyl ether, carbon disulphide, acetone 
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LYSIS OF FATS AND OILS =m + Dei 

Eats and oils are triglycerides. They are Tienen = Ipdiohend by ex i . 
ar wiceides. They ave Tes. They ae roe by eres which ato cals 

4+ Actually this hydrolysis takes place in the digestive tact of 

produced in animal body which play an imporant role 


gs and animals. Fatty acids are 


{ 
CH;-O—C—R CH;-OH 
rr 
H-o—c—R + 3H,0 PS CH-OH + 3 R—C—OH 


fatty acid 


®Seponification is the hydrolysis of triglycerides by alkalies 
© Giycetol is produced along with sodium or potassium salt of fatty acids, These sodium and potassium salts: 


are called soaps, 
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CH # 21; Biochemistry hod] College Chemiatry Fe 
© This reaction is used comme ose © pre 
marganne 
+ These sed ely fot making soaps le 
f 


GHs—-O—C—(CH.,), —CH=CH-(CH.). —CH, 
° 9 


H—O—C—(CH.) —CH=CH-(CH 


° | ° 


(CH,—0—C—(cH,), CH= cH-(cH. 


Giycory troleate  Wsteara 


Exercise Q3 (tv): What Is the nutritional importance of Lipids? 


UTRITIONAL IMPORTANCE OF LIPIDS} 

Lipids play three major bi 

@ Asastorage 

(WAS components of men 

(AS messengers (pe 

‘A major role of lipids in n 

Since unsaturated, saturated a 
Protein with @ calories per g 

{Glen though itis high in calories, fat doesnot necessarily cause weight ga 

* Our body also needs fat from your diet to be able to absorb and 

Vitamin A, vitamin O and vitamin E 


Somme nuitiens are essential in diet for good health, These are not prepared in body, 

* The essential lipids are polyunsaturated fats called omega-6 soe omega-3 fats. These f 
hormone synthesis, cell membrane structure and healthy brains 
cholesterol levels 

3 Gs omeas-6 fatty acids can be obtained from vegetable ols and nuts 

© Omega-3 fatty side are also in flaxseed, wainuts and fay fish 


Wision. They may help lower blo 


Monounsaturated fatty acids are not essential in the det 


. because our body can synthesize them 
* They may help reduce risk for heart disease 


Our bodies make about 2 ¢ of cholesterol per day, 


Gand that makes up about 85% of blood cholester 1, white of 
about 15% comes from dietary sources rol 
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functions of lipids are 
faeues reconstruction; 
+ nervous system organization; 

4 increases and assures a normal function ofthe skin: 
«antibodies formation; 


+ good function of endocrine glands(thyroid); 
water metabolism; 


‘are lipids? Shortly explain the only property that all the lipids have in common, 


‘occurring organic compounds of animals and plants origin, which are soluble in organic solvents are 


lipids. 


IMlpis are hydrophobic: This is the one property they have in common. This group of molecules includes fats 
fills, waxes, phospholipids, steroids (like cholesterol), and some other related compounds. 


ore triglycerides? Draw Its structure 


‘nd ols are made from two kinds of molecules: glycerol and three fatty acids joined by dehydration 
j Since there are three fatty acids attached, these are known as triglycerides, 


9° 
Hy-OH cH-O—C—R 
° 


H=OH + 3R—C—oH —~ GH-O—C—R + aie) 


fatty acid a 


CH-O—C—R 


Triglyceride 


Discovery: 
(1) Nucleic acids were first of all demonstrated in the 
(2) They were found in sperm heads by Fre 


Nucletc acids are present in: 
(1) In every living cell as well as in viruses. 
(2) They have been found to be essential substance of genes. 


Properties: 
(1) Nucleic acids contain in their structures the blue-prints for the 
and every living organism 
(2) They have two fundamental properties which are common to all living organis 
) The ability to reproduce, store and transmit genetic information 
b) To undergo mutation, 


Types of Nucleic Acids: 
There are two types of nucleic acids which have been discovered 
(1) Deoxyribonucleic acids (DNA) 
(2) Ribonucleic acid (RNA) 


‘Nuclelc acids and proteins: 
* In the human body the nucleic acids occur as part of the conjugated prote 
nucleoproteins, 
+ The nucleic acids direct the synthesis of proteins 


tures of Nucleic act 
STRUCTURAL COMPONENTS OF DNA AND RNA 
* DNA stands for deoxyribonucleic acid. It is a polymer of deoxs 
‘+ RNA stands for ribonucleic acid. It is a polymer of ribonucleotides 
© The nucleotide consists of: one sugar, one nitrogenous base, and 
* The structures of all components are given below 


mibonucleotides, 


() SUGAR 


deoxyribose, 

© The sugar in RNA is ribose. 

* The deoxy: prefix indicates that this form of the sugar contains one less ox 
pentose sugar has two hydrogens attached to it instead of a hydrogen 


en atom, The 
and hydroxyl (OH 


Ho eee ‘a 
eeSek 
\y 
war's 
ak 
aes 


+ Allof the nitrogenous beses are linked to the C-1 atom of the sugar by remow 


OH grou 
‘The phosphate group is attached to the hydroxyl group of CS atom, th th sips 


www.topstudyworld:com: 


‘There are three pyrimidine bases. N: 


Each consists of @6-membered ting containing bod 
q li mini th nitrogen and carbon ator 
Two pyrimidines, Thymine and Cytosine, ae ound in Den om Be 


4 RNAalso contains two pyrimidines, but they are Cytosine and Uracil N’ 
Pyrimidine 
‘ 
4 rt A™ N 
‘The purines are made from two heterocyclic rings of carbon and nitrogen. 2 
Inpurines a 6-member and a S-member ring are (used, a we Fe 
There are two purines, Adenine and Guanine na 
These are found in both DNA and RNA. * Purine 


The addition of one or more phosphate groups to a nucleoside, makes it a nucleotide. 
The nucleotide consists of a base-sugar-phosphate unit. 
‘These units on polymerization forms DNA. 


between DNA and RNA 
erin folowing ways { 
/sugar in RINA is ribose while the sugar in DNA is 2-deoxynbose. : 
ferent bases are found in DNA cytosine (c) thiamine (T) adenine (A) and guanine (G), f 
RRNA ihiamine does not occur and its place is taken by uracil : 
is nearly always double stranded, while RNA is usually single strand. 
is used fo store information while RNA is used to transler information 


ithe names of structural components of DNA and RNA 
DNA and RNA are polymers of nucleotides. 
Dicleoide consists of: one sugar, one nitrogenous base, and at least one phosphate 
In DNA; it is deoxyribose sugar and io RNA it is ribose sugar. 

In DNA, four nitrogenous bases are: Adenine, 

In RNA, four nitrogenous bases are: Adenine, G 
‘The phosphate is similar in both DNA and RNA. 


ine, Cytosine and Thiamine 


janine, Cytosine and Uracil 


|Purines are present ‘DNA and RNA? 
brine nee teen in both DNA and RNA: Adenine) and Gunn 


Li 
MINERALS OF BIOLOGICAL SIGNIFICANCE 


ations in food 


is mineral matter, vital to all mental & physical pr: 


They are most important 
bones, tissues, blood, 
* Many of them act as cat 


se8, are constituents of thei 


the human body. 


gh the nervous system, digestion. 


ization of all nutrients in f 
Vitamins cannot be properly assim 
vitamin °C* utilization, zinc 
‘absorption, etc. 


ted without the correct bali 


lance of minerals. e.g. calciu: 
for vitamin “A’, magnesium for "B" complex vitamins, selenium f 


Important minerals in human diet and their roles 


Minerals Role in body 


Major minerals 


Fluid balance in the bod; 


Sodium Helps in absorption of other 

nutter 

BES 4 muscle cont 

perenne es 
| b Ise transmissi 
| Fluid balance in the body 
 iarareng Acts as cofactor for enzymes : 
| Fluid balance in the Body zi 
acon Componentof hydrochloric acid | ! 
| | Development and maintenance of bones and ieeth and > 
Sceag | Blood clotting : 

| ate 
ae | Development and maintenance of bones and teeth ! 
| Trace Minerals | fey: 
| tron | Onvgen transport and storage ee 
| ] Act as enzyme cofactors 
Zinc Aids insulin action Support immune funct y 
\ Helps in growth and reproduction 2 
Copper Acts as enzyme cofactor er, A 
Chromium | Helps in insulin acton a fe 
Fluoride | Stabilize bone mineral and hardens tooth enamel Be : 
Todine Essential for normal thyroid lanction aa 
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SOURCES OF IMPORTANT MINERALS 


‘minerals ond their sources, 


ve and muscle functioning, 


Coleiam is important to bone growth and formation, Blood cating and her 


Calcium is obtained from milk, cheese, egg yolk, beans, nuts, cabbage ct 


Deficency: jes —- 
‘A deficiency may result inl arm. spasmd softening 


Jang mental depres 


‘af bones, back and leg cramps, [brit 


» fron is an essential mineral. 


I is major function is to combine|witl protein and copper in making hemoglobin) The hemoglobin is present in 
the blood anid carries oxygen from the kings to the tissues throughout the body, 
~— = 


‘Sources: 
lon s obtained from red meat, egg yolk, whole wheat fish, spinach and mustard et. 


‘Adeliciency may result in weakness, fatigue, paleness of the skin, constipation and anemia, 


P0SPHORUS INR! TEE 

+ Phosphorus is econd most abundaAt mineral in the body 

# Itisa principal mineral of bones ara teeth 

@ Its Involved in most metabolic actions in the body. including kidney functioning, cell growth and the 
Contraction ofthe heart muscle 


rus is obtained from yolk, cheese, milk, cabbage etc, 
Boro Pe UL 


f A deficiency is unusual, but may have symptoms varying from painful bones, iregular breathing, 
anajety, numbness, skin sensitivity and changes in body weight or — 
shin senelivty ane cheno 


Bat oe A 


‘wound healing, digestion, xeproduction. physical growth, diabetes control, 
smell ining normal Vitamin A levels aid usage ~ 
‘can be found in almast every cell of the body and serves as part of more than 70 engyines that control 
tedy processes. es C 2 S 
We get zinc from Oyster, J. chicken, beans, nuts, dairy products and some sea foods. 
bd eles es : 2 
3, acne-lke rash, hai los, dings, delayed sen mturaton, 
a aatay ena Upedschd ots ol cae and sal a. ees and iHfameotion 
wound healing seduced resistance to infections, mental confusion, poor leaning ability. changes) ha ad 
Hand anemia. 


{GU IMPORTANCE'SIGNIFICANCE OF IRON 
The primary role of iron relates to the ability of red bla 
Some functions of iron are mentioned 
Fatigue 
* To prevent fat 

the cals, 


od cells 


igue, iron is needed by the body to make her 


* It's also needed for adenosine triphosphate production (¢ 
Proper cell function, 


Exercise 


Iron is ost through sweat)and through bleeding of the digest 
* Studies indicate that 34% of female runners and 8% 


Pregnaney 


* Iron is needed for proper plac 


ta development 


Itis also needed forthe Rrevention of pre-jenm and low binh 
* Studies estimate that up fo 58% of Pregnant women afé iron di 


pmer 


delays in both motor and cognitive a 
it Duration —_ > 
Up to six me 


low iron stores,its sufficient quantity n 
‘* When iron deficiency is left 


untreated, it can lead to conditior 


Metabolic Processes = : 

{ron plays an important past in the metabolic processes bf 

* The function 6F ron in the body sli 
hemoglobin 

Itis present in some enzymes that catalyze reactions of c 

In human body, therrichest organs in. = 

*  Insmaller amount, itTs also presentiin bones, med 


the an 
Imost exclusi 


. lative abundance asin the earth's cg 
Thee sctopes of calcium(<alctumd0 isthe most commen (97 yn cligumae 
(0.003 *) —— 


i functions: 


()_Stractural & stores in the skeleton 
pe Cat hg dung an action poten! cos membrane 
mr, and 
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Iris found in complex org 

re Gleium phosphaio is 
Phosphorus compounds are e 
phosphate are added to foods 


(a) The main function of 

(It plays an important 
protein for the growth, 1 

upit's also crucial tor the 

lo) Phosphorus works with 

{o) Htalso assists in the contrac 
the heartbeat, and in nerve 


isthe most omnipresent of a 
tharG@ hundred specific 
© Ifans removed from the 
{+ Studies in individuals with a» 
‘These include impairments of 
. Peroferuatiis enteropathica © 


= A store house 
cogen is reserved food material that sore 
due to lack of glucose, the giycogen reconver's 


Animals and Reserve Food 


ge amount of fat is store in the boy ol < 
slow down, They use this fat as reserved foo" 


of proteoglycan 


» Glssomine (HNO) a9 ain Wis prod 


Tang eartiage. and lubricating joints. 1 found 
rocutr for Tor ayeosoyated pot 


CH 4 21: Blochemisry fia 


* Over ume, every da 


oa 


Containing a repeating disa 
CalNAc. GAGs have negative 


* Chondroitin sulphate {D. 9) 
Keratan sulphate (Gal + GicN 


© GAGs have unique proper 
molecules. Because of high viscosity a 
Joints expecially in knee and elbow. On th 


*  Proteogiycans (mucoportiens) are formed of gly 


bonded to each other. These are found in all connective 


* Proteoglycans can also be called j 
synovial fluid for normal joint lubricat 
function of which is to serve as a 


* Gesrecen is one of the most important extra cellular proteoglycan. To each aggrecaon core prot 
shains of chondroitin sulphate and keratin sulphate oe eevee attached through the trisaccharade i 
They play an important role in hydration of cartlage of joints. They give cartilage its gel like proper 
lubricate it and provide resistance to deformation 


fon and function. (Synovial 
lubricant in joints or tendon she: 


+ Brey pay structural or supporting olen the Boot 
Examples: are silk fiber, keratin (of nails, and hair), ‘myosin (in muscle cells), fibrin of blood clot, 


? 
g 
i 
[ 
iS 


amino acids. Both chains are held 
The molecule weight of insulin is 5808. a together by disulphide bridges, T 
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Tithe liver and skeletal muscles, glucose is stored as glycogen, while in adepocytes, it is stored ab 
Insulin stops the use of fat as energy source’ When blood glucose lev! tals bel i limit, the & 

tags se soed sgh a an en cre sh ea ied eee a 
‘Asa central metabolic control mechanism its siatus is aso sacd we contol sk o! ) syst 

Nace a ei #8 Hass ao used asa conn signal to other boy sso 
+ Inaddition, it has several other anabolic effects throu: 
Insulin is used medicinally to treat some forms of 


out the body 
tes patients 


‘act as cofactors for the enzyme reac 

to work and function. They give us our vitality 
They maintain the pH balance with in the body 
actually facilitate the transfer of nutnents across cell membranes 

gy maintain proper nerve conduction, 

help to contract and relax muscles, 
They help to regulate our bodies’ tissue growth 
Winerals provide structural support for the body 


eral and micro-minerals, 


{are two categories of mineral essential with in body. macro: 
hin body 


sno one mineral deficiency. They all must be maintained in balance wit 


ba J val 
WAS So 


elop du luorine 
surlace of the enamel which become stained 
appearance, 


= a —— 
: *. lodine 1) is primarily involved in the synthesis of two th 
E 


producing a characteristics mottle 


irold hormones, thyroxine and tilodoihy 
by the thyroid gland, 


J 1 
des a OH 
LO " 
t 
Tryrosina 


Moat environmental jodine occurs in seawater, 


‘In adults about BO of the iodide absorbed is trapped 
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Pon (Fe) is @ component of hemoglobin, my 
Fame iron, contained mainly in animal 

Means for over 85% of ito in the aver ann 

-, absorption 
Be entel baby oe eee! when itis consumed with animal protein and vitamin C. 
fade, hh ny be aed by mop veamn wining dee 
‘or ovolaco vegetarian diets 

Crone bleeding may also cause ron deficiency, on may accumulate in the body when a person gven 

Excess Iron is toxic ar iene Bn overdose of iron supplements, 
any damage the intestines and other organs, as well as cause vomiting and dianthea. 


Wen. 


Bora let een 


We 


ps coon 
Heme, a constituent of hemoglobin 


TM) has several important metabolic functions in the production and transport of energy. 
and relaxation of muscles. 
‘of protein, and it asists in the functioning of some enzymes, 
rereals, and dark green, leafy vegetable which arerich in 


Tecerary for healthy bone structure and is a component of ‘several enzyme systems 
Ca acosylranstrases and phosphoencipyrwvate carboxykinase 


eae gaa 


&, in response to excess sodium 
* The adequate i and 4 
IS consumed by individuals with chs diabete 
SeLENIOM Laka z 
* Selenium (Se) is a panto bolizes hi 
from Polyunsaturated fatty acids 
. Henium is also a part of they en, 
. Generally selenium acts as an antioxida: th 
3 The deficiency of selenium causes Keshan disesec vt gestive 
© The RDA for selenium is 70 mi neg) 
* The tolerable upper level of selenium is 400 mmegiday for adults based on the prevent 
brittleness and early signs of chronic selenium toxicity 
SODIUM aS 
#2 Sodium (Ne) is usually consumed as table sak ‘(Sodium Chionde, NaCl 
"® The adequate intake of 1.5 grams 


S er day with an upper limit of 23 grams per d 
luals 8 years or older engaged in recom: 
who sweat excessively may need more 


Reeds for sweet losses for individ 
Active people in humid climates 


ended levels of physic 
i the adequate intake 


the most important class of biomolecules. 1} 
tissues. They are 


assed a5 a simple @ protein, con) 
polymers of Amino acids 


+ Nucleaproteins act as the cay 


hey are major structural com 


PoNents of animals and hi 
lugated proteins and derived 


Proteins. They are actu 


c in thir i 
They are proteti in nature and st 


‘They are insoluble in wale! 


have ability to reproduce, store and 
the structural unit of DNA and consis 
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EXERCISE 


Sect the right answer from th 
Sis covers the prcteal appre ee 
faMedicine (b) Aagicutre 
Nocromolecules are of how many types? 
(a) Thee *©) Four 
te general formula for Carbohydrates ts 
(@) HO), (b) P,(H.O), 
Met organic matter on earth Is made up of se. 
Carbohydrates: (b) Lipids 
‘no. of Carbon atoms In Hexose is: 
(a) One (b) Four 
The long chains of Amino Acids are called: 
(a) Os (bY Polypeptides” 
Proteins are used In both forms o} 
{a} Catabolism (b) Anabolism 
) What 1s TRUE about enzymes? 
{a) They make biochemical reaction to proceed spo 
{b) They lower the activation energy of a reaction 
{c) They are not very specific in their choice of 
{@) They are needed in large quantities 
To what category of molecules do enzymes belong? 
{a)Carbohydrates ——_(b) Lipids ic) Nucleic acids (6) Prove 
What ls TRUE about cofactors? 
{a) Break hydrogen bonds in proteins « (5) Help fac 
(c) Increase activation energy (6) Are composed of prote 
f) Prosthetle groups are: 
{a} Required by all enzyme Le ymes 
( insous nature 
‘generally defined In terms of 
|Sottbility™, (b) Structure 
INA are made up of: 
(2) Peptides {oy Nucleotides id) None of these 
3 human body weg s mineral mt 
(b) 10% 
___ Is needed for Vitamin C utilization: 
(a) Acid {b) Iron 
The component of blood that corr 
(a) Fats. {b) Myoglobin 
i) Most RNA molecules are: 
{a) Independent (b) Double Stranded c 
” the major component of so2P:“>-— 
Oils {e) Proteins 
fon of bones and teeth, Is 
(¢) tre 


enzyme Ac 


ie) Phospho 
les oxygen in the body Is: 


Sin 


ESEY TES ate Bede 


wy 


* They are storehouse of ene 
* They build the structure of plant 


energy of, 


Ans: (a) Required by all ena 


Prosthetic group is con 


(xiii) Ans: (b) Nucleotides 
DNA and RNA are polyr 

Consists of: one sugar, one sit 
phosphat 


Phosphate is the prine 


iestions. 
fiochemi 


‘and by the word 
Biochemistry ls the branch of science concermed rath studi 
Gnd organisms, with their chemical reactions 
Biology is the science of living organisms pnd chemistry is the science of 
‘Diochemisity is the science oF the atoms ana molecules in living 
Seamed 


various molecules that occur 


atoms and 


organisms, 
Briefly state the functions of Carbohydrates 

The main functions of carbohydrates are given below 

* These and source of energy ot ata 
* These are necessary foyproper fat metabolism > 
+ These are the only source of gi 
Some carbohydrates support th 


© Some carbohy 
and diabetes. 


bacteria in the intestines for dige 
ion 8nd Towers) 


'¢ growth of healthy 
Wvdrates high in fibye helps pr 


stion 


iS Tor cancer, heart dit 
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eens m 
ane the classes and sub-classes of Prove 

ins are classified into three types 

€.9. Albumins: Globulins: Giutelins: His 

#9, Nucleoprotens: Mucoprotein Gi 


College Chemistry: Federal Board: Port 


nes: Scleroproteins: 
tein. Giycoprotein rotsin 
©49. Proteans: Proteases: Peptones. Peptides Bae 


Ja onge of 0-35°C, the rate of reaction of an enzyme Is proportional to temperature. Justify i 
When temperature rises to 35°C heat ade sr te acters ao provides 
a eee 25° heat sn the acthason energy and abo provides nec ene for 
{+ However, when temperature is raised swell above 
‘erayme. Thus, the globular structure of enzyme is 
ation. 


How does pH affect enzyme Activity? 
B Allenaymes work at thei maximums rate ata namow range of pH. called asthe optimum pH 

4 Change in pH can affect the io Matine nowve she Thu, enzymes acy fst. 
i enzyme has its specific opt a ; 


1 pepsin (working in stomach) s active i a dium (low pH 


eases the vibrations of atoms of 
te of enzyme 


a rapid decr 


Describe lock and key mechanism of enzyme action. 

1h 1894, a German chemist, Emil Fischer proposed lock and hey mode! 

Iieording to this model, both enzyme and substrate possess specific shapes that fit exactly into one another 
model explains enzyme specificity. Thus a spec talyees acts on a specific substrate only. 

‘ea lipase enzyme acts on lipids and digests them into fatty acids and glycerol. It cannot act on 

proteins 


What s the main use of enzymes in poper Industry? 
naymes break starch to lower its viscosity that aids in making paper 


Define-cofactor.and.co-eneymes ww 
sein port of enzyme Is called co-foctor or co-enzyine 
Bifihoutcofector enzyme cannot work. So. they are required by all enzymes 


Px CoTectors Include inorganic ions, complex organic oF orges 
Fe? ions are cofactor for chrome oxidase enzyine, ete 
Nie sirarnide adenine dinucleotide (NAD) contains nicotinamide vitamin cofactor. ee. 


that oll the Lipids have in common. 
nds of anna and plants hich are soluble inorganic solvents ate 


metallic molecules. 


‘explain the only property 

occurring organic compou! 
= Fhis isthe one property they 

lipids, steroids (like cholesterc 


have in common, This group of molecules includes 
ol), and some other related compounds 


its of DNA and RNA. 
of nucleotides 
vone nitrogenous base, ard at least one phosphate 
‘bose sugar and in RNA itis nbose su 
bases: In DNA, four nO = te one roses at Thenine 
Jn RNA, four nitrogenous bases 2 ‘a 3 


The phosphate is similar io 
a 


both DNA and RNA. 


CH # 21: Blochemistry 22) 
(x1) Define Lipids and state th 
Naturally occ 
called lipids. T 


difference between fat and oil 


(41) Briefly state how Vitamin D Is formed in human body? 
When ultraviolet light falls upon 7 


Present naturally in the 
extent), this mater 


College Chemistry: Federal Board: 


jerted into-vitamin D. This mole 


(<lll) State the differences between the chemical structures of DNA and RNA 
They differ in following ways 


The sugar in RNA is ribose While the sugarin DNA & 

Four different bases are found in DNA cytosine (c]thia 
4m RNA thiamine does not occur and its place is taken 
*7DNA is nearly always double stranded, while RNA 


(xt) Briefly state why minerals are Important for human Ue. 
© They are constituents of 


* Many of them act as cat 


for vitamin °C" utilization etc 


(ra) Name diferent route forthe loss of Zine from human body, 
is ol zne trough gastrointestinal act aceounis Yor epproximaelf 


oe 


* Considerable amount of 
reabsorbed 


pad. Give detailed answers for the following questions 
() Describe different classes of Carbohydrates: 

Page 388 
(i) Explain the structure of Proteins, 

Page 396 


(to) What ls the nutritional importance of Lipids? 
Page 406 

(o) Explain the structures of Nucleic acids. 
Page 409 


y uracil 


DNA used to store information while RNA is used to Wan 


They ressages through the ne; 
. Properly assimilated without the comect 


tine And surface losses (desquamated skin, hair, swe 


ine (T) adenine (A) and guanine (G) 


fer information 


rve cells 

wuman body 
VOUS system, digestion, & metabolim 
balance of minerals. e.g. calcium is 


half of all zinc eliminated from 


stinal secretions but most of il 


at) 
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1 Blochemistry 


Minutes 
Meru. citng, easing. wing lead pect wi ett 
ihe correct option Le. ABCD. Each part sanioe 
oes ave Comipou 
(a) eaborsl 
puch ofthe following i nota carbo 


{a) ribose {b) glucose (c) mannose 
Bee certlfrrosia of cavsohyxiaies Se {d) formaldehyde 


(a) Catt). (6) C,(HO), 
sich one ofthe Following carbohydrates docs or 

(a) bose (b) glucose [c} galactose 
ihich carbohydrate is present in grapes 

{a) gucose (or fructose (0) Soh (8) None 
wich ofthe following is present in rh? 

ia) pace ETI) iio ‘ 
Ope gosese molecule COMBI with glacone moles @ycowdic linkage form 

Uslimisren  (0)'statch —(c}_galactone pas, es 
Which one ofthe following s a polysac 

(@) cellulose _(b) starch» {eh both a & 


1 geen of fat contains approximately 


(a) cal {b) 9 cal ic) Qheal > ( 
es ‘of has many types? 
> 5S WO 
| Prosthetic groups are 
fa Benuired byalengimes > (b) loosely attached with eraymes — (¢) protein in naluse (d) Tightly bound to ezyme_ 


ids are generally defined in terms of 
(b) stricture (c) Molanly (@) allot these 
8) Minerals constitute cof human body weight wi 
(0) 10% (10% C55 > id) 90%, 
Js port of ensyrge glutathione peroxides 
Te Mo Wb ae \ 
ide sbvorbod is trapped by thsroid land > 
B70% Ciesos ~ 18 10% \ 


1) Which one of the following is consiclered as macro - mineral far body 
j a) bobta ke 


part should oot exceed 5 to 6 lines 
a) 
eral formula C,(H,0)e are not catbohydetes. July, (2) 
3) 
ry 
@) 
2 
y 
a) 
2) 
2) 
w 
2) 
a) 
(15) 
5) 
rT 
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mth 


(b) What is role of bacterial polysaccaride in living organisms? (2) 
) (a) What are globulins 2) 
(b) What is source of Givten? @ 
i) What are conjugated Proteins, ie 
<i) How quatemary structure of protein is formed? (8) 
si)(a), What is haemoglobin, (ay 
(b) Differentiate benveen Anabolism & Catabolism. 2) 
xiv)(a) Describe Lock and Key model. (2) 
(b) What are enzymes. (ay 
Xv)(a) How does Induce ~ Fit Model describe mechanism of enzyme Action, (1.5) 
(b) Enzymes are specific in their action Justily (1.5) 
xvi)(a) What is optimum temperature for enzyme? (1) 
(b) How does temperature affect enzymatic actily (2) 
xvil)(a)What are inhibitors? (1) 
(b) Describe types of inhibitors 2) 
rvii)(a) What is spring myelin? () 
(b) What are fatty acids? (2) 
{xix(a) What is saponification. (15) 
(b) What is meant by hardening of ol. (15) 
‘Sectlon = ¢ 
‘Attempt any TWO questions, All questions carry equal marks. (2 x13=26) 
‘Discuss functions of Polysaccharides. (5) 
(>) Describe the structure of Proteins. (4) 
(c) How enzymes work as biocatalyst. (4) 
4. (a) Classify Proteins (5) 
(b) What are the factors which affect enzymatic gallingly. (4) 
(c) How inhibitors decrease the enzymatic activity (4a) 
Q85.(0) Explain the structure of Lipids. 6) 
(b) Differentiate between DNA & RNA. a 
(c) What is role of minerals in our: ‘body? (4) 
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CHAPTER # 22 
[NDUSTRIAL 


CHEMISTRY 


INTRODUCTION: 
Defintio 

The branch of chemistry which applies physical and chemical procedures towards the transformation 
Araturl row meterals and thelr deletces to products that se of ens e hassey i eed Indust 


Chemistry. 


Development of Industrial Chemistry 
+ The scientists thought how v 
This thinking started the de f 
+ Chemistry knowledge was applied to furnish the rap hemical industries with "recipes". These 
recipes are now called chemical processes 
* Industrial chemistry keeps up with the cience a ology. It incorporates other emerging 
Aiscplines such as biotec m 


aboratory scale, 


* The Classi inorganic 
science of chemistry. It discovers and and report new 

* The Industrial Chemistry helps us to close the gap between 
universities, and chemistry as itis practiced commercially 


‘ope of Industrial Chemistry 
* The scope of industrial chemistry therefore includes 
¥ The use of materials and energy in appropriate sc 
¥ Application of science and technolo: 
diferent areas: food production, hea 
‘entertainment. 


1) Industrtot eri mi 
lc chemical Industries 
Ih jsacloiag Industries extract inorganic chemical substances, make composites of the same 


And also synthesize inorganic chemicals. 

a) 
Industral organic chemteal industries. 

Heavy indushal organic chemical Industries produce petroleum fuels, polymers, pevochemicals and 
other synthetic materials, mostly from petroleum 

* Light organic industies produce specially chemicals which include ph 
Paints, pesticides, soaps and detergents, cosmetic products and » 


(CH #22: Industrial Chemistry b2g 


THE STRUCTURE OF THE GLOBAL CHEMICAL INDUSTRY. 


+ Normally a value is given to something according to its im 

+ Some things are of high value while others a 

+ The low valued products are needed to produ 
that the raw materials are cheap and eas 
easily accessible processing technology 

+ To sell a large volume of product, there 1 
‘makes the price to remain low 


to make significant profit. This meang 


There is also an existing, relatively simple, and 


This brings stiff competition 


Commodity chemicals are defined as low-valued products produced in large quantities mostly in 

continuous processes. They are of technical or general purpose grade. 

* The global chemical industry is founded on basic cals (BIC) and basic organic 
(BOC) and their intermediates. It is because they are produced directly from natural res 
Immediate derivatives of natural resources. They are produced in large quantities. 

* Some of the top ten BIC are: sulphuric acid, nitrogen, oxygen, ammonia, lime, sodium hydroxide, 
Phosphoric acid and chlorine. The sulphuric acid is always number one, It is because itis used in the 
manufacture of fertilizers, polymers, drugs, paints, detergents and paper. It is also used in petroleum 
tefining, metallurgy and in many other processes. The top ranking of oxygen is due to its u 
industry, 

* Among top ten BOC are Ethylene and propylene. They are used in the production of many organic 
chemicals including polymers, 

BIC and BOC are referred to as commodity or industrial chemicals. 


vericals 


ces of 


High-value adding involves the production of small quantities 
‘Such products are called specialty chemicals. 


* These are high value-added products produced in low volumes and sold on the by 
function, 


‘chemical products jor specif end wien 


asis of a specie 


Example: 
Performance chemicals: These ate high value products produced in low 

lu volumes and used in extn 
‘Mantes, They are judged by performance and efciency. Enzymes and dyes are Petormance cher 
Other Examples: 


‘medicinal chemi 
tg namical, agrochemicals, pigments, flavour and frogrances, personal care products, 


rerely low 
chemicals, 


surfactants and! 


* Specialty chemicals are ‘mainly used in the form of formulations. 
wee In their formulation. Thus highly valued pure chemicals ‘must be prepared 
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pptsndusttl Cherry 


aee Q3 (I): What Is ch = ys Calleye Chemistry: Federal Board: Partt! 


THE CHEMICA 
Adenia te dered fom ar oe 


+ The price of chemicals depends on the availabilty of thes was paterals 
+ Major chemical industries have therefore developed around the most plentiful raw materials 
+ Thenatural environment isthe source of raw material for he shengccl in 

for the chemical industry 


err 2 
AWMATERIALS FROM THE ATMOSPHERE Tyee a 


+ The atmosphere is the field above ground level i re 
4 Itisthe source of air from which six industrial gases (Ns, O;, Ne, Ar, Kr and Xe) are manufactured, 


1+ The mass of the earth's atmosphere is approximately 5 x 10! tons, Therefore the supply of the gases is 
almost unlimited. 


[IAW MATERIALS FROM THE HYDROSPHERE 

+ Ocean water is about 1.5 10 lites, Fi ¢ 
+ Itcontains about 3.5 percent by mass dissolved material 

+ Seawater is a good source of sodium chloride, magnesium and bromine 


TAWHATERIALS FROM THE LITHOSPHERE Snesas = 

* The vast majority of elements are obtained from the earth’s crust in the form of mineral ores, carbon and 
hydrocarbons, 

+ Coal, natural gas and crude petroleum are used as energy sources. These are also converted to 
thousands of chemicals. 


JAW MATERIALS FROM THE BIOSPHERE é 
+ Vegetation and animals contribute raw materials to the so-called agro-based industries, 
+ Oils, fats, waxes, resins, sugar, natural fibres and leather are examples of thousands of natural products, 


1) Neme those disciplines which play important role in Industrial chemistry 
‘The industrial cane has a. jets link with the Classical Chemistry which includes organic, inorganic and 
Dhysical chemistry, The classical chemistry discovers and report new products, routes and techniques which 
te then used in industrial chemistry. The industrial chemistry also includes disciplines such as biotechnology, 


Microelectronics, pharmacology and material science 


The branch of chemisiry which oppies physical and chemical procedures towards the transformation of 
naturel rau materials and their derivatives to products thot are of benefit to humanity is colled Industri 


Chemistry, 
'?) Where aifercnce benoeen organic end Inorganic chemical Industries? 
4 The ‘organic chemical industry is based upon compounds of carbon. These may be of plants and animal 
rigin or may be synthetic. €-6 petrochemicals, dyes, paints, pesticides, soaps et 
* The inorganic chemical industries ae largely based upon compounds of elements other than carbon 
extract. inorganic chemical substances, make composites of the same and also synthesize inorgani 
chemicals, 


» s2F 
SOAS 


7) Give few metural products 


3) Glee examples of Basic organic chemicals 


[10) What ts meant by performance chemicals 
‘These are high value pro 
dadged by pedtormance and ef 


(11) Gwe share of diffe types of chemicals in global market. 
‘The global market share for each type is roughly as follows ‘ 
Commodities « 50% Specialties Chemicals = 18% Fine Chemic 

SAFETY CONSIDERATIONS IN PROCESS INDUSTRIES 

INTRODUCTION 


Process safely technolony hos played an important vole in the cherwical pr 
Thus, handling Nammable and combustible liquids and gases could proceed withoat an 
¢g- During the 1960s, the oll and gas Industries recognized that only process solely techntens 
10 prevent tragic incdents, The process safely management also needed. So a maces 
‘associations initiated prograrnmes to develop and provide proce: 
members. For example these associations are: in the United 
(CCPS), the American Petroleum Institute (AP!) and the Chemica 


safely management quidel 
Centre for Chemical Prove: 
lanufacturers’ Association (CMA), 


CESS SAFETY MANAGEMENT REQUIREMENTS 
¢ Process salely management is an integral part of the overall a 
progranime, 


+ Anelfective process safety management programme requires the lead 


lership, support and involverent of 
Yop management, lacity management, supervisors, employees, contractors and controctor aplovee 


hemical processing facility sel 
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ge 2 number of basic requirements wi 
nent programme: 
Safety Information 
safety information is us y 
Ravers n Is used by the process industy to define crical processes, materials and 
~ P. ttincludes all available written information 
“) and products. It also includes the inform 
hazard analysis, 
9 critical for i 
(ste Process safety information is documentation relating to capital project reviews and design 
2) Employee Involvement 
4 Process safety management programmes inclide employee participation in the development and 
conduct of process salety analyses and other ements ofthe pogamme 
+ Recess to process safety information, incident investigation reports and process hazard analyses is usually 
provided to all employees and contractor employees working in the area | 
+ Most industrialized nations require that workers be systematically instructed in the identification, nature | 
and safe-handling of all chemicals to which they may be exposed. 
Process Hazard Analysis 
4 Afier the process safety information is compiled, a thorough process hazard analysis is carried out. 
It includes systematic multi-disciplinary process hazard analysis, appropriate to the complexity of the 4 


about process technology, process equipment, raw materials 
sation about chemical hazards before conducting a process 


process. 
Its conducted in order to identify, evaluate and control the hazards of the process, 
Persons performing the process hazard analysis should be knowledgeable and experienced in relevant 
chemistry, engineering and process operations 


Each analysis team normally includes at least one person who is thoroughly familiar with the process { 
being analysed and one person who is competent in the hazard analysis methodology being used. 
(#) Management of Change j 
§) Chemical process facilities should develop and implement programmes which provide for the revision of } 
process safety information, procedures and practices as changes occur. 5 
* Such programmes include a system of management authorization and written documentation for 
changes to materials, chemicals, technology, equipment, procedures, personnel and facilities that affect r 
ach process. 
Operating Procedures P 
* Chemical processing facilities must develop and provide operating instructions and detailed procedures f 
jp workers. \ 
* Operating instructions should be regularly reviewed for completeness and accuracy (and updated or rt 
‘amended as changes occur) and cover the process unit's operating limits. ' 
a 
fecltes should implement hotwork ad sale work permit and work order 
conducted in or near process areas. 
entractor personnel must be familar with the requirements of the various % 
Pernll programas, These incide permit isuance and expiration and appropriate safety, material f 
"handling and fire protection and prevention measures ‘ 


1) 
parr Mermesion Pe faraa proce safety taining prograrnmes to ain and educate, 


workers. 
= 


Fequirement of process safety ma 
An effective pr 


(2) How employees shou! 


fd be involved in safety manag 


ent progranin 


(9) Whar is aratysis tev 
Each analyals te 
analysed an! one w 


(8) What ts role of manager 
© Chemical pre 
rocess sa 
© Such progr 
materials, 


t of change In pro 


Exercise Q9 (i): What ore dyes? How ore they 


classified on the basis of structure? 


A dye Is 8 coloured con 


The dye mu 
exposure to sunlight (ultra 
& The dye color is due to th 

© Is fixing ps 
* The polar auxochrome makes the 
the oppositely charged 


Presence of a chromopho 


y is due 


Sf0ups such as OH, SO,H, NH, Ni 


Fabre egaolible and binds the dye to the fabric by intera 


"ATION OF DYES BY STRUCTURE : 
Dyes are classified according to the type af che 


nophores present in th 
gn 


This method of cl 


ludes the followi 


The NO; and NO groups are chemophores in this dass of dyes ae 
Examples: 


(097 og 


Naphthalene Yetow S 


Mordant Green 4 
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Syren Faye F 
groups, N= —— a 
The common aurochromres ate NH Nae Hae be Pinan dromophore ' 
dyes form the largest a 
» kode a most important group of synthetic group of synthetic dyes, They are highty 


‘They can be prepared by diazotising an aromatic amine to 
a ie foduced diazonium salt. tis then coupled to 
aeampound series, Thus, azo dyes can be produced uthamwostenyece 


O98 ae 
© 


+ twas the first azo dye to be prepared, 
4+ Para red is obtained by the reaction of diazotized p-nitroanili 


with naphthol on fabric ise 


hy orange is obtained from sulphanilic ac Uy the folowing steps 


NaNo, + Hci 7 
—~ Hos fer Cc 
af mee 
O° | TCC Get 
a3 


7 (Cee 


oar| Oreos A 


4 Methyl orange imparts orange color to woot and sik. 


+ Ne oa 
tHe i ga sna 


‘color in acid solution. 


© amare becsen is 8 own dye used in bagt x = 


Bom 2h 


pees Sor 
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Py iarymiethane dyes, a 
fom (the chromophore) three aromat 
 Theaunochromes are -NH,, NR, and OF, Exam 


Ono iws \ 
y 


Malachite Green a 


1+ Malachite green has a déep green-blue cc 
"+ Although the color fades in fight, malach 


1 Hisalio a trarmyimethane dye but 
+ Itshowaled colour in base and ¢olourless in acd, 


12D, Tess 
AS Gomera 
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L) ANTHRAQUINONE D¥Es Si a 


The para quinoid chromophore is present in these anthracene type dyes. 
Alizarin isa typical anthraquinone dye -0 On 


College Chemlstry: Federal Bong 


Alzarin 


+ Alizarin forms ruby red crystals which dissolve in alkali to give purple solutions 


* It's used to dye woo! and cotton. 


{Indigo Is an example of the type of dyes which contain carbonyl chromophore. 
cor 
iS ie N 
< ; 
u8 
SS 7 
a 


Its @ dark-blue crystalline compound, insoluble in water 
*  Itis used for dyeing cotton by the Vat Process 


CLASSIFICATION OF DYES BY METHODS OF 
* The chemical lasifcation of dyes is of interest to the cherisr et the dyer is concemed mainly ul 
application of dyes to fabrics, 
The method used for 


application in a particular c 


¢ depends on the nature of both the dye and 


by dst immersign in a watedsolaion afte de. ; 
basic auxochrome which ra 
in the chemics = 


ines with the opposite polar group f 
+ (_Wool and silk are re 


FiberNH, + HO. 
(00! 0 ait) 


‘Dye > Fiber-NH,* -O-Dye 


(a) Vat Dyes 
(b) Mordant Dyes 


* These dyes are insoluble in water. However, on reduction with sodium hydrosulphide in a vél 
colorless soluble compound. This compound has a great allinity for cotton and other cellulose five 


www.topstudyworldicom 


pe tnd Chemtary = 

{, Thecloth is soaked in the solution of a 

4 Asa result, the colorless compound is 
fabric. 

+ Indigo is a good example of a vat dye 


Federal Hoard: Porth 


oxidized 


with oxidants 
now bound to the 


oe en 

N- REOUCTION 4, AD 

AO = Ot 6 
00 sae OF><0 
Ges ° 4 OH 
inbr00 (LUE) (voice were (CLOUNLESS) 


‘+ Indigo blue has auxochromes -OH which bind the dye fast t» =e 
the cellulose fiber that contains ethereal oxygen and OF Exercise Q3 (i): Write a note 


by hydrogen bonding. (c) Vat Dyes 
(a) Mordant Dye 


1s 


plied to it with the help of salls eg. 


MORDANT DYES. 
4+ This class of dyes has no naturel alfiniy for the ea 
‘oxides of aluminum or chromium. These salts are called Mordants 
* Afiber such as cotton is first treated with a mordant and then with the dh 
+The mordant forms an insoluble coordination complex between the fiber an th 
The insoluble complex compound appears in the form of lakes that ave 
‘The mordant dyeing is the most suitable for woo! and nylon. 


+ Alzarin is an example of a mordant dye. ear 
pe DO Chruwe NS 


Konchaed grove 4 
Area v Ponlaencleet 
Sec Ker evsheys athiche ot 
Ate Oe inress opher 


dye and binds the two, 
ight and washing, 


Zé ag cae 2 RO Kod hr 
ie ee 2 
1) AZOIC DYES (INGRAIN DYES) FC De ae Te 
In this method of dyeing, the water insoluble azo dye is prodiiced in the tatiric itself ai 
hol 


© The cloth is first soaked in the solution of coupling reagent usually e phenol or 
5 the solution of an auxochromes 
5 ttn meme ne etna oer coo he bu ob sel or 


nylon, 


Fa waler but can be dispersed in a colloidal form in 
‘colloidal dispersion ofthe dye. 

into the crystal structure of the fabric 
ic fabrics such as nylon, avion, polyester and cellulose 


eChamophss “= prt 


Bien. Ae Yearonitlca fa 


(1) Which one ts first azo dye? 


Para red is the first azo dye prepared by 
itself, 


€ reaction of diaz 


Ho, 


OO 


(2) What ts the color of Methyl orange: () in acidic medium (I!) In basie medium 
* Methyl orange is used as indicator for acid-base ti 
solution and red color in acid solution, 


‘The change in color is due to the change in the structure 


in ba 


of the ions. 


(3) Which dye ts used in 


boot polish and in dyeing wool and cotton? 
jismarck by 


own isa brown dye used in boot polishes and for dyeing wool and cotton. 
, 


Ome 
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pes in detail 


*ESTICIDES 
de is any chemical which is used 
Are reds, nematodes, snails, shige, et 


by man to cont 


ol pests. The pests may be insec 
te. Therefore, in : 


secticides, fungicides, herbicides, etc., are all types of 


eee 

i) INSECTICIDES 

IS 
insecticides are chemicals used fo coniral ins 

+ Often the word "insecticide" is confused with the word “pesticide.” It is just one of many types of 
pesticides. 

+ Aninsecticide may kill the insect by touching itor it may have to be swallowed to be effective. 

+ Some insecticides kill both by touch and by swallowing 

+ Insecticides called Systemics may be absorbed, injected, or fed into the plant or animal to be protected, 

_When the insect feeds on this plant or animal. it ingests the systemic chemical and is killed, 


Miteides (or Acaricides) are chemicals used to control mites (iiny Insecticides spider-like animals) and teks, 

+ The chemicals usually must contact the mites or ticks to be effective. 

+ These animals are so many and small, that great care must be used to completely cover the area on 
Which the mites live, 

+ Miticides are very similar in action to insecticides and often the same pesticide kills both insects and 
mites. 


Fungicides are chemicals used to control the fungl which cause molds, rots, and plant diseases. 
+) Al fungicides work by coming in contact with the fungus, because fungi do not “swallow” in the normal 
sense. 
“+ Therefore, most fungicides are applied over a large surface area to try to directly hit every fungus 
+ Some fungicides may be systemic in that the plant to be protected may be fed or injected with the 
chemical. The chemical then moves throughout the plant, killing the fungi 


Herbicides ore chemlcalo used to control unwanted plonts. 
* These chemicals are a bit different from other pesticides, It is because they are used to kill or slow the 
growth of som ts, rather than to protect them. 
* Some Ragcee el ere plant they contact, while others kill only certain plants 
* Itis of following types: 
Nonselective herbicides: 
¥ These are toxic to all plants. : Cine 
7 Those ane offen used when no plants are wanted in an area, e.g. nonselect 
te used for clearing under guardrails or for total contol of weeds in industrial areas 
¥ These npn plants with little or no injury to ‘other plants. 
Usually selective types will all either broadleaved plants or grassy plant 
v 
v 


Bs Se sea ere orm th detec 
Tes ae efx sy Hcy can las oye as 
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(5) RODENTICIDES| 
Rodenticides are chemicals used to control rats. ice. hats and other rodents 
© Chemicals which cont 
. sual . 
Nematicides are chemicals used to cv ode 


ind sls 


© Baits are often usec 


Pesticide that make 
istered in the 
Insect repellents are av 
repel biting and 
* Vertebrate repellents a 
They can be sprayed ot pa 
and seeds. Repelling deer. 


ite or food unatiractive to a target pest 


able as ser 


ilable as concer 


inted on nursery crops 
dogs, birds, raccoon 


QUICK QUIZ-4 


1) Differentiate between 
() Pesticides and Insecticides 
*  Appesticide is any chemical which is us 


(2) What do you understand by systemica Gaia 

ics are chemicals which system of living organisms by di 

ways. These may be absorbed, injected, or fed into the plant or animal to be plotted ‘When the 
ingests the systemic chemical and is killed 
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tet Chey 
oe diferent pes of repens —— Bec chsdba igen pee 
de Th 


Wht ore mollucicides 
Molluscicides are chemicals use 
Usually the chemicals must be eaten b 
inan area. 


"petroleum’ 

# since "petro-” is Ancient Greek & a 
"oll". Therefore, the etymolog 
“oleochemicals” 

+ However, the term 
derived from plant an 


Explanotion 

«Petrochemicals 
petroleum 

+ Some chemical compound! 

obtained from other fossil f 

‘or renewable sources such as 


3 (el); Describe the basic building block in petrochemicals technology 


Exercise 
Petrochemical classes are 
{a) Olefins including ethylene and propylene 
(b) Aromatics 
(6) Synthesis Gas 
* Olefins and aromatics are the build 
and adhesives 
+ Primary petrochemicals are divices 


xcks for a wide aterials such as solvents, detergents 


al structure 


) OLEFINS INCLUDING ETHYLENE 
+ Olefins includes ethylene, propylene 
* At oll refineries olefins are produces 

cracking and by catalytic reforming, 
+ Ethylene and propylene are important source 
© Butadiene is used in making synthetic rub! 
* Olefins are the basis for polymers and © 
and gels. 


herical cracking such as steam 


lastics products 


in plastics, resins, fibers, elastomers, lubricants, 


‘Aromatics includes benzene, toluene, and wylenes. 


‘are mainly produced by catalytic reforming or similar processes 
for dyes and synthetic detergents 

Benzene and toluene are raw materials for isocyaneies 

Maal sare ralenes to produce plastics and synthetic fibers 


“fe 
i 


Synthesis gas is a mixture of ca 
Ammonia is used to make the 
intermediate 

A very wide range of chemical: 

used in industry monomers, sol 

Form the monomer 

gels are produced, 

World is production of ethylene u 
of aromatic raw materials 70 milion ton 
The largest petrochemicals industrie 
‘growth in new production capacity 
‘There is a substantial inter-regional t 


WNT PETROCHEMICALS AND THEIR DERIVATIVES 


List of the major ¢ 
Exercise Q2 (o) Enlist diferent chemicals Produced from ethylene 


The simplest olefin; used as a chemical feedstock and ripen ig hormon 
tis used to prepare following substances 
Polyethylene: polymerized ethylene 
Via ethylene hydration (chemical reaction adding water) of e 
via ethylene oxidation 
{) Ethylene glycol: via ethylene oxide hydration 
Engine coolant: ethylene glycol, water and inhibitor mixture 
Polyesters any of several polymers with ester linkages in the backbone chain 
(®) Glycol ethers: via glycol condensation 
(6) Ethoxylotes 
Vinyl aceta 
1,2-dlchloroethane 
(4) Trichloroethylene 
(b) Tetrachloroethylene: also called perchloroethylene: 
(Vinyl chloride: monomer for polyvinyl chloride 
Polwinyl chloride (PVC): type of plastic used for piping, tubing, other things 


sed as a dry cleaning solvent and d 


Polyetyie 
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w 
polypropylene - polymerized 
{w) propylene oxide 

° Dolyo- used in the production of poljurethanes 
mon lene lol - sed in engine coolant and a 

om es pen ad ar dee 

{ot scrylic acid: acrylic polymers a 
{al) aly chloride - 

(@) epichlorohydrin - chloro-oxirane; 

i ; Used in epony resin formation 
90K) resins - a type of poiymeruing ie rom bisphenol A epicloohydin, and some amine 


Propylene 
3 x 
Ne me : 
oe Progiem | [oareroorare| | scmonuae | | ‘eter 
tycateimes | | Proprgre eeu 
Hiienicats PRODUCED FROM BENZENE 
= the simplest aromatic hydrocarbon 
W ethylbenzene - made from benzene and ethylene 
{W)siyrene made by dehydrogenation of ethylbenzene; used as a monom 
polystyrenes - polymers with styrene as a monomer 
1) cumene -isopropylbenzene; a feedstock in the cumene Process 
‘ {@) phenol - hydronybenzene; often made by the cumene process 
ketone; also often made by the curene process 
and making a 


enol used in polymerization in epoxy resi 


dichloride 


+ polycarbonate - a plastic 
(@ solvents - liquids used for dissol 
éthano,isopropy) alcohol, acetone, Benes 
I cnvonsliphatic eel hydrcarbon sorties us 


acid which can be a precursor used as 4 co-m 


‘hemating copolymer form of nylon. 
ide 
Jome are aliemating copolymers forme 


Loe reruatives with dizines, Some are from 


a non-polar solvent 


(CH 6 22: Industrtd Chemistry fiz] 
(te) nitrobenzene 


(0) alkylbenzene 
(a) 


(ci) chlorobenzene 


—= = == 
= lees : 


es eS a ck co 


Nyon ‘sioner 


[Fore f = 


Exercive Q2 (ol) Enlist different chemicals produced from ethylene. 


CHEMICALS PRODUCED FROM TOLUENE 
Toluene: methyibenzene; can be a solvent or precursor for other chi 
(W) benzene: 
A) Toluene dilsoeyanate (TDI): used as co-monomers with di 
di. or polyamines to form polyureas 


(4) polyurethanes - a polymer formed from diisocyanates and diols or polyols 


(it benzote acid - carboxybenvene 
(©) caprolactam 


© Nylons 


iols or polyols to form polyurethanes or with 


(W) ortho-xylene - both methyl groups can be oxidized to form, 
(a) phthalic anhydride 


solvent but more ofien precursor cherica® 
(ortho. phthalic acid 


www.topstudyworld:com, 


eto) 
(8 fa isophtlic acid 
| + alkyd resins 
¢ Polyamide Resins 
«Unsaturated Polyesters 
Jparo-nylene - both methy} groups can 
\ dimethyl terephthalate - can be 


Aiverns | [Poremee 


Ifesees Gf petrochemical raw materials 
eels of petrochemicals are: 
Oletins inchiding ethylene and propylene. e. 
Shaws benzene, toluene, and xylenes. 


'HETIC POLYMERS 


Pol nole 


ating ui 


The reaction by which m 


Example 


nH,C—=CH, —CH;-CH;-CH;-CH;-CH;-CH;- 


Ethylene fase 
(a monomer) J 


‘The formation of polyethylene from ethylene is an example 


© Polymers which ate synthesied from only 
© Polymers which are pre 


ners to produce a single huge molecule 


'* These reactions are catalyzed by peroxides or acids. 
+ The reactions require pressures of 1000 atmospheres at 2000 
* Much lower temperatures and pressures can be used with so called Ziegler Catalysts which const ol8 


trialky! aluminum and titanium tetrachloride in an inert solvent 


(a) POLYETHYLENE (POLYTHENE) 


In cha 
‘+ Polyethylene has been produced commercials since 1943, the moa 
* tis obtained by polymerizing ethylene.” = 


= end of gr 
Polymerization 
nH,c—=CH, = -Per-cr} 
etiytene TS Pelytyene 
+ Notice that the monomer (etfiblene) contains ad6uble bond and the polymer does not 
* The electrons of the monomer,pi bond have and are used to link one monomer unit to anol 
by sigma bonds as indicated Up-extended lines in abbreviated polymer formula, 
* The backbone of the polymer consiss of the carbon atoms that originally formed the double bonds 
© Nothing is lost. The monomers simply add to each other 


wath polymertatn 
ded ato 


Uses SS 
It is used in the manufacture of houseware such as buckets and dh 
and cable insulation. : == 


ee ws : 


lustbins, carpet backing, packing materi 
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INYL CHLORIDE aE 
PU (PVC) College Chemistry: Federal Board: Part-II | 
jf isobtained by polymerizing vinyl chloride. 
¢ | 
= | 1 i 
oe Polymerization : 
nH,c—CH ——» “peHp cH 
Vinyl chloride n 
Polyvinylchloride (PVC) ’ 
chloride is obtained from | 
Vinyl acetylene by treatment with HCI in the presence of HgCl, é' 
HC==CH ie | 
Vinyl chloride _ f 
—— ¢ 
PWC is used in the manufacture of imitation leather, floor covering, corrugated roofing material and 
mophone records. —_— 
CONDENSATION POLYMERS (STEP-GROWTH POLYMERS) 
de: on polymers are formed by combination | of monomers with the elimination of simple 
s such as H,O or CH;OH. on. 
| There are two main types of condensation polymers: Polyesters or Polyamides. The most common example 
ss In step-growth polymerization, first bifunctional compounds 
react together to form dimer, trimer, tetramer etc. and finally at 
ht 5,6 aan the end all these unil together to form a polymer. 
—* Itis the most important(polyamide.. ; 
h hexamethylene diamine under nitrogen at 2000C. 
f 


* Itis obtained by heating adipic acid wit 
+ Nylon-6,6 derives its name from its starting materials, adipic acid and hexamethylene diamine, both of 
which have six carbons. Ww * & Ca) e iver 


i tas ( ! 
H;-CH;-CH;-C—t OH Bane -CHs-Clr-CHr-CHr- CHs- hie OAS -Niie 

Adipic acid Hexamethylenediamine 

|v G 

~4 

, (@) ( i i 
: 

HO Reape cc ——NH—CHr CHC CHr-CHr NH, i 
on 


q Futher reaction at each end 


. 
7 


Wl —cly-cHy-CH;-CH>-CH-NH 


Nace 
3 Nylon 6,6 


 geongn o> aie) Sy Ps 
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' ! . : oe 7 : : 
bt ar tepe btm is bu OY vatade~ grades 41s ; ‘ ' ee + Seed ae deme hom re ; 
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THERMOPLASTIC AND THERMOSETTING POLYMERS 
. Ser i One which sofens 
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ufer Seas a eer brace: - mented 
i iyemoplastic Polymer is one which sapermoreiing blest: 
chloride (PVC) softens on heating and becomes hard on cooling, e.g. Polyvinyl 


|, Athermosetting polymer is one which Z 
eset ich becomes hard on heating it cannot be softened by heating, €-8-» 


joo ong chlorid Is prepared from acetylene 
My ehloride is obtained from acetylene by treatment with HCI in the presence of HgC 
Hac, 
Ho==CH + HCL —~ H,C: 
c 
‘eetylene 


Vinyl chlonige 


fp Wie forumula of 
() odlipte acid 
HOOC ~ CH; - CH, - CH; ~ CH; ~ COOH 


W) hexmethylene diamine 
HyN- CH, - CH, - CH, - CH, - CH, ~ CH, -NH, 


Give use of Nylon-6,6 
+ Nylon-6,6 is developed as a synthetic fiber forthe production of stocking and other wearing apparel 
© Its used to make fibers for clothing and carpeting, filaments for fishing lines and ropes, bristles for 


mi 


+ Synthetic fibers are made from synthesized polymers or small molecules 
+ The compounds that are used to make these fibers come from row materials such as petroleum based 


chemicals or petrochemicals. These materials are polymerized into a long, linear chemical that bond two 


adjacent carbon atoms. 
+ Different chemical compounds will be used to produce different types of fibers, 


ri Fibers: Melt-Spinning Process. 
ers ne scveral mats “of manufacturing synthetic fibers but the most common is the Melt-Spinning 


es heating the fiber unt begins to mel then drawing out the motion ber wih weer 
‘quickly as possible. molecules by aligning them in a parallel arrangement. Ths brings the 


them to crystallize and orient. 
¥ Lasly g Heat Setting. This utlizes heat fo permesie the shape and dimensions of the fabrics made 


from heat-sensitive fibers. 
. it by forcing. usually through extrusion (the actor process of pushing 
neeeat anne fibers are ces xed, cross-sectional profil) fiber, forming materials through holes 
using out to creat obi thread. 
ea eer devcoed Forming ifclly manufactured fibers were made from cellulose 


Glass fiber 


+ Metallic her Iw used for a 
. lure Industry ies are volte soils w better. eg 


phenolic resin foam 


COSMETIC. CHEMISTRY 
Introduction 
* The global 

The number of new products brought 
® Cosmetic chemists are always 

appearance and health, 
® Avast array of compounds is Fequited to suppl 
* The latest edition of the Cosmetic 

than 10,000 raw: materials 


* Every year hundreds of new ing 


arhet for skincare and col 


Cosmetics exceeded 53 bilion dollars in 2002. 
market continu 


ies to expand exponentially. 
poking for interesting and exotic ingredients that improve ski 


Following are the important cosmetics 
A) Nail Polish 
(2) Nail Polish Remover 
(3) Lipstick 
(4) Hair dyes 


JL POLISH 
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Jal coverings were not unknown in ancient y 
piss oft oon nai 
J camposton, manufacture and handling efiee a 
4 Modem nail polish is sold in liquid form in sas 
4 Within a few minutes after application sre 
fingemail. This coating isboth wa * 


Gill: Describe rou meterals and monsjacin 


MATERIALS f aeaw 
There is no single formula for nail polish. The: 
These basic components include: 

(1) Film forming agents e.9. Nitrocellulose: 

) Resins and plasticizers e.9. castor oil, amy) and bury! sienran aci¢ 
acetic acids 

8) Solvents e.g. Butyl stearate and acetate co: 

) Coloring agents e.g. “pear” or “lish scale’ 


Process of Nail Polish, 


MANUFACTRUING PROCESS 
des following steps: eee : 
{l) When properly and fully milled, the mixture is r 
into small chips for mixing with the solvent TI rmed in stainless steel 


en broken up 


performed in a special room or ares designed to con 
12 ao with walls tht will close in i an clarm sounds end 
trp the res ofthe structure 


IP)AL the end of the process, the mix is cooled sli 
Perlunes and moisturizers 

(8) The mixture is then pumped into smaller, 55 gallon di 

finished nail polish is pumped Into explosion proo! 

‘etail market. 


I POLISH REMOVER 

Polith remover base commonly contains @ mixture of two organic solver Tea Ghettesthe 
IAsione belongs to a group of organic molecules called ketones or alkanone Se abne 
Fpanone, Itis also sometimes called 2-propanone : 
Bly eeiat belongs to a group of organic molecules called esters: 
‘ty acetate is ethyl ethanoate. 


Information 
18 an organic liquid that is colorless, lammabie and is ofte 6 
wth water tr ienaroracicliquids. 


CFE 22 Incmerad Chemin 


M) Resins ond plasticizers 


Ri) Soteent 
he} Coloring agente e 5 “ce 


2) What is use of plasticizers in mail pa 


(3) In which material mixing of ras material of mail polish tx prefe 


(4) What ts nail polish remover? 


(5) Glwe composition of nail polish remover 


acetone and ethyl acetate, piselin 


Lapatichs are simple 


‘composition, however 
They are made up of 


redients—a waxy or fatty base, a dy 
of lipstick. In fact, fe 


‘There is no danger in the use 


Anvora can eat» insti with no more harm than eating a paral 


} HAW MATLWUALS AND COMPOSITION 


‘The primary ingredients found in lips 
(0) Wowk (The wax used usually invel 
‘More expensive carauba was 
(1) OM such as mineral, caster, lanolin, or vegetable ol 
A) icobo, 
(u) Fragrance and pigment, 
(0) Preservatives and antioxidants, 


vet seme combination of three types: beeswax, candelila wax, o 


Generally, the composition 


by weight is 
© Wax and oll make u 


P about 60 percent of the lipstick 
Alcohol and pigme 
+ Fragrance added to 


it make up 25 percent 
lipstick, make up 1%; ores ofthe mixture. 


‘melting and mixing the lipstick 
(40 pouring the mixture into the tube 
(packaging the product for sale 
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+ Aeohol and 
q pigment make up 25 percent 
Fregrance added to lipstick. make up 1° 


Tn manufacturing of lipstick 
ncoloed een nye separate SDS 


Sad pigments ipsick 
‘by weight of the lipstick 


NAAN 


HISTORY: 
1. Hair dye is on 


of the wor 


OY the oldest known beauty preparations, and was use 


Peoples all mention the use of hair co 


Early hair dyes were 
Rock alum, quick 


Many parts of the world 
4, Many different 
dyes 


Indigo. known primarily as a fabric dye, could be combined with hen to make light br 

shades of hair dye. 

6. An extract of the flowers of the chamomile 
many modem hair preparations 

The bark, leaves, or nutshells of ma 

8. Other dyes were produced from wairy 


plant was lon, 


ut leaves or nut husks, 


* Preparations such as these 
Until the late nineteenth 


ere the o 


ly hair dyes available 
cent 


* Hydrogen peroxide was discov 


ght, 
fered in 1818, but it was not 
ntl 1867 that it was exhibited at the Paris Exposition as nt et 
effective hair ightener 
* A London chemist and a Parisian hairdresser began ciorsuee. ff 
‘marketing a 3% hydrogen peroxide formula at the Exposition {- ¥ 
youth, ce domaine de Jouvence golden (golden fourtan oy os 
wee ater. This was the first modem chemical haa gle 
colorant, : 


Advances in chemisty led to the 
dyes in the late nineteen 
The first synthetic organi 
‘a substance that occurs, 
RAW MATERIALS 
*  Ingeneral, hair dyes include: oa 
Dyes €.8. 4-amino-2-hydroxytoluene 
(W) Modifers e.g. resorcinol 
(i) Antioxidents @.9, sodium sulfite 
(s) Alteltsera_ @.g. ammonium hydroxide 
* In addition to these basic chemicals, many different chemicals t 
bbe shampoos, fragran mieetliry 


‘creamy, foamy, 


Production of more hair “ = 
th century, 


ic hair dye developed was pyrogallol 
aturally in walnut shells 


Special qualities. They m 
OF thick, or contribute 10 


THE MANUFACTURING PROCESS 


The manufacturing process includes the following steps Sindaioas 
© First of all chemicals must 


Se tested fo make sue they are what they ae lnbeleg 
accurately, 


Then weigh the chemi 


a eraeciney & College Chemistry: Federal Board: Port 


ted water d for about 20 


be er solvents. The premix is agit 
‘There mix is then added to a large tank, co 


fer getting Proper consistency this mixture 
qeckwith developer and then distributed in 


taining the other in 
is delivere, 
1e market, 


‘Anodheslve Is a compound that edheres or bon, 

+ Adhesives are meant to stick things together 

4+ Adhesives may come from either natural os 
also manufactured in Factories 

« Some modem adhesives are extremely strong, and ar 
construction and industry. 


ids tweo Items together. 


les are nature product and itis 


[ivees OF ADHESIVES: 


fable matter, starch 


© These are made from inorganic mineral sources, or biological sources Such 
(dextrin), natural resins, animal skin 
# They are often referred to as bioadhesives. 


surfaces are pushed together 
+ Some contact adhesives requite as long as 24 how 


Tis also known as “hot melt” adhesives. 
These adhesives are thermoplastics 
They are applied hot and simply allowed to harass * T's case of use and the wide range 
ie oatbecome popula for <a 

Common nstenalsto whch they an aches allows the liquid to pass through the "baie!" o 
The glue gun melts the solid adhesive and then 

Onto the material where it soiifies 


eae 


Sresinect sae sete nas 


(2) Gwwe few examples of natural adhesives 


white 
wie 


(8) Why and when drying adhesives harden Acros 


adhesive hardens. e.g. 3 petro’ 
(4) How adhesives are used applied 


How 1 


Hot give is applied hot and allowed to harden as they 
(6) Low molecular resins are present in ihich category or adhesive 
UV and light cu , 


‘Of chemistry by discovering 
Capital-intensive industries are 
industries, 

* Light industries are easier to relocate than hear 

© Specialty chemicals are mainly used in the form 
formulation, This calls for organic synth 

‘© The polar auxochrome makes the d 
the oppositely charged groups 

* Insecticides, fungicides, herbicides, etc., are all types 
(touch) the pest to be deadly, Others must be swallowed 
Petrochemicals are chemical products derived from pet 
Petroleum are also obtained from other fossil fuels such as coal 
{8 com or sugar cane. 


al compou 
natural gas, or renewabl 


Notemosating polymer i one which becomes hard on heating it can not be sofenet by heating 
Nal ical Polish is sold in qui form in small bottles and is applied with» tn; Orch 
Ta poly remover base commonly contoins a misture of two organic sens vestone ant 
acetate 
+ Lipsticks are simple in chemical com, 
made up of thee ingredients—a waay or fatty base. a dye 
+ Many different plant extracts were used for hait dye in E: 
dyes, 


‘www.topstudyworld’com 


elect the right answer from the choices given with each question 


The branch of chem! ich applies physical 
W [aura roe metre ond ter rece wo poducareeags eae we tomtm 
(a) physical chemistry (b) classical che 
Which dye Is used in boot polish 
fa) Azodye ~ (b) Congo red — (c) Methyl orang 1) Bis : 
wMiticldes are used to control = peer meaNt a aee so 
(alticks and mites {b) Fungi ic) Unwant 
and lotions are used as 
ungicides (bf Repeller s ) aande 
(t) Petrochemicals are classified into how many-classes? 


id) both band 


(a) One (b) Two (4) Three d) Four 
(e) How many classes of polymers? ss, 

(a) One tt Two (c) Three id) Four 
(oi) Nylon is a polymer obratined by 

{@) Addition polymerization densation polymer 


(c)_ Homopolymer me 
(ctl Which of following ts not « row material for nail polish? -"~ 
Tal Peart {b) Castor oil ic) Resorcinol- (d) Nitrocellulose 
(W)A polymer which becomes hard on heating isis 
- (@|Thermosetting TB) Thermoplastic {c) Addition —_(d)_ None 
(b) Nail P8tish- remover base commonly contains a mixture of two organic solvents as “>. 
TalBenzene and acetone — (b) ethyl acetate and CS, _(c) Benzeng.apd CS; (d) acetone and ethyl acetate 
(i) Which of following adhesives are also known es bloadhestves?s"> ~ 
(a) Drying adhesives (b) Synthetic adhesives (c)_Néturaf adhesivesd) Hot glue 
(sil) A.chemical compounds which Is meant to stick things together 
{a) Nailpolish  (b) Lipstick _(c) Hair dye C{d)_adhesives 
(s1t) In early ages halr dyes were made from = 
{a) plants (&) animals (c)__metallic compounds” (d) both aand ¢ 
(ido) Polymers which are prepared from more than one kind of monomer are 
(a) homopolymerc(6) copolymer? (c) addition polymer (d)_ none 


ANSWERS TO MULTPLE CHOICE QUESTIONS: 
i Brown, 
By definition it is industrial chemistry 


i) Ans: (a) ticks and mite 
The chemicals which kills mites are called miticides 


ii) Ans: (b)_ Condensation polymerization 
INvlon is polyamide. It is obtained by condensation of adipic 
ci snd hexamethyiene diamine with the loss of water 
X) Ans: (a) Thermosetting 
18) definition it is thermosetting 
%i Ans: (c) Natural adhesives 
Naural edhesives are oblained from living organisms \.|Adbesives bind 
tora 


i) Ans: (a) both a and c : 
[Esty har dyes were made from plants, metallic compounds, or |Polymers made from wo Kind of / 
Hite ofthe two. 


or stick things 


CH # 22: industrial Chemistry 
1Q2: Gi 


rief ans 
(0) What is the differen 


rs for the following questions. 


ice between classical and industrial chemistry. 
The Classical Chemistry (organic, in 


science of chemistry It discovers 
The industrial chemistry applies phy 
towards the transformation of nai 

humanity, 


discovered by classic 


() How ts methyl orange prepared? 
* Methyl orange iso 


j 
wos) O)- wer 


methyl orange 


(Ui) How Is Bismarck Brown prepared? 


It is obtained by coupling 


tetrazotised —m-diaminobenzene 
‘m-diaminobenzene (b) 


(a) with two molecules 0 


NK, ig e NH, 
4 Pave 4, 
HAN ‘NH, 
) bi 1 eal 


|i 
NH, NH, 
N==N Cp 
Bismarck Brown 


www.topstudyworld.com 


(N #22 Industral Chemistry 
How Is Fluorescetn prepared? ba 
Itean be prepared from phthalic anhydride 
pias be eee nhydride and resorcinc 


College Chemistry: Federal Board: Pert-Il 


ja the Fr 


° HO. oO 
Lo} COOH 

Phthalic © foe 
anhydride Resorcinol Fluorescein 


() Enlist different chemicals produced from ethylene. 
(ol) Write different chemicals produced from Toluene 


(ol) Differentiate between homopolymer and Copolymer 
‘© Polymers which are synthesized from only one kind of 
e.g.; Polyvinyl acetate > 


alled homopolymers. 


CH,=¢H —— - CH,-CH -CH, - CH-CH, - CH 


ococh, ococh, OcocH, ococh, 
Vinyl acetate Homopolymer (Polyvinyl acetate) 


‘© Polymers which are prepared from more than one kind of monomer are called copolymers 


vinyl acetate and butyl maleate combine to give 3 copol 
eae care cHii= 'c——-~ CHr-cH = GH/— GH" CHrcH 

OCOCH, COOBU COOBU OcOcH, COOBU COOBU OCOCH, 
Vinyl acetate Buty! maleate copolymer 


(bit) What Is the difference between thermoplastic and thermosetting polymer. 
polymer is one which Softens on heating ahd becomes Kard on cooling, .g. Polwinyl 


oA 
chi (PVC) 
. aes polymer is one which becomer(hard on heating X cannot be softened by heating, €.., 


23: Glue detailed ans the following questions, 

ear mel sed hs ui 

Page 427 

| (W) What are dyes? How are they 

(una do pou Know shout dyes? How ore they claneed on the bis of onpication? 
Page 434 

(lo) Write a note on: 

(a) Vat Dyes Poge 434 


classified on the basis of structure? 
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attege Chemistry: Feder By 
(CH # 22: Industrial Chemistry = S 
(b) Mordant Dyes Page 4 


(0) What ts meant by Pesticides? Describe its types in detail 


Page 437 
(0!) Deseribe the basic building block in petrochemicals technology: 
Page 439 
(vii) Describe raw materials and manufacturing process 
Page 449 
(vlli) What are adhesives? Discuss its working and types. 
Page 453 


of Nail Polish. 
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s) Raw materiais are 


a) An example 


™) 


ev) 


Exttydere 


aL budttion 


0__sopolmer 
Petrochem 
a) one 


ree 


Which of the +t thes: 
(a) Peas 
Invenrly days hae 
(a) 


plants 


‘Acchemical compound : 
L [dl Adhesive 
* (a) water sere 
‘Which ofthe following satvent sas = 
dL acetone » 


Band C68 


MaaStudy? 


CH # 22: industri Chemistry Lisa octhirmeret 
(8) (a) What are mollusc: 

(b) Differentiate between se he 
(9) (a) What do you mean by petroch ; 

(b) Nai 


(11)(a) 
(b) 


(12)What are 


(13) (@) How vinyl chore 


(b) 


(14) (@) Define adhesiue 


Differentiate betw 


Why Nylon 6.6 is cal 


pyc 


White formula of 


(b) Give few examples of natura 7 
15)Give composition of 
16) (a) What is compe f i 
) What type 
(17)(a) How many ‘ 2 
(b) Give percent 1 
18)(a)_ How is Fluoresce in prepare 2 
(b) Give an example of a . ) 
(19)(@) How will you prepare Nylon é 1, 3 Butadiene 12 
(b) Give uses of Nylon 6,6 01 
Tete: Attempt any TWO questions. All questions carry equal marke (2 *13=26) 
1a) Whatare element Process safety manageme on c 
b) What are ago dyes? Give their le (04 
©) Write note on T ethane Dye 04 
2.0) How does are 05) 
b) What are f pest 04 
©) Differ K pe 04 
3.) Describe the bas " cal (04) 
b) Write down st. lved in 
©) What are different 
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HHEMISTYRY 


\IRODUCTION: 
It Is the branch of chemistry which deals with the chemicals and othe er 
ing directly end Indvecly fom humnon ection Semen CTT 
Itis the study of the sources, chemical reactions, transportation of the chemicals and their adverse effects on 
ian beings. 


jronment pollutant 
‘Any substance in the enoironment, which adversely affects the human health, quality of lWfe and the 
ny se eee it pale ee ete Micar 
ary Pollutants 

The pollutants which directly comes Into the atmosphere Jrom the source are called primary pollutants 

‘44 oxides of nitrogen and volatile organic compounds (VOCs) created from fossil fuel combustion ete 
‘ondary Pollutants 

The pollutants which ore derived from primary pollutants by chemical reactions In the atmosphere are 
called secondary pollutants. 

. sulphuric acid, nitrogen monoxide, carbonic acid, hydrofluoric acid, peroxyacety|-nitrate (PAN) 


OMPONENTS OF THE ENVIRONMENT: 
(1) Atmosphere: Gases surrounding the earth 
(2) Hydrosphere: Concerned with all water bodies ie. ocean, rivers, streams lakes, gl 
water reservoirs 
{8) Lithosphere: _Concemed with hard and rigid rocky ear 
(@) Biosphere: Area on earth with suppor 
\TMOSPHERE: 
Qur surrounding on earth is called atmosphere 
IReonsists of gases ie. N;, CO, He, Ne, Kr, Xe and water vapours. 
Is thickness is about 1000 km above the surface of easth 
uses present in the almosphere are very important inthe following ways: 
{0 These gases absorb harmful radiations (cosmic rays and electromagnetic rah 
on earth, Otherwise these rays are very harmful to living things on earth, 
Uti Nzis used by nitrogen fixing bacteria 
(uO, is necessary for breathing in animels 
{t) CO, is necessary for photosynthesis in plants and 
1) Water vapours are responsible for sustaining life on earth 
‘Aimosphere has been divided into four layers : 
etieeeihen © 2.Sretoehere 3.Mewxphere 4 Thermowphere 
Fist wo layer are of more concem to human life. Le. Hops phi atrelosphere 


/EMISTRY OF TROPOSPHERE: 


ers and ground 


yi} of Sun to protect life 


iarcak ete! 
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i Sreitinacriaareutee 


Its a combination 
Industrial Smog 


Toxle 
Chemical 

Nitrogen 

Oxide 

(NO and 

No,) 


Votatite 
Organic 
Compounds 
(oes) 


Carbon 
Oxide (CO 
and CO,) Du 


bape: 


woke and fog Le. ‘sm’ from smoke and ‘ag’ from Joy 


Major Chemical Pollutants in Photochemical Smog: 


‘of NO, wath VOOe 
mbusiion of carbon ona (Onyen Starvation 


of shish mater, (CO) 
9 the reaction in bast 


‘Warming results matic 
> Causes Acid vain 


Cigarette smoke (CO) 


Bui 


Oxides'ot 
Sulphur 
(60, 50 


+ Respiratory iitation 


n of Volcanoes {CO.) 
©f living organi, 


Een coor in plants 
of Fabrics, leathers, | 


SATS PEE 


an abundance of nitrogen oxides 
the atmosphere and the presence of particular environmental 


+ The following conditions must accu 
ire loins 'uust occur to begin the chemical process of photochemical smog development. 
¥ The production of oxides of nitrogen (NOx) 
¥_ The production of volatile organic compounds (VOCs) 
¥ Temperatures greater than 18 degrees Celsius. 


If the above criteria are met, sev producin joni enihict 
, Several reactions wi yroducing the toxic ct iuents 
pores feral reactions will occur producing the toxic chemical const f 


[Re ormation of two most dominant toxic components, ozone (03) and peroxyacetyl nitrate (PAN) 
is given below. PAN is primarily created from volatile organic compounds. 


Nitrogen dioxide can be formed by one of the following reactions, The nitrogen oxide (NO) acts to 


Femove ozone (0) from the atmosphere and this mechanism occurs naturally in an unpolluted 
atmosphere 


Q, + NO +NO, + O, 
NO + RO, ~ NO, + other products 


‘Sunlight can break down nitrogen dioxide (NO,) back into nitrogen oxide (NO) 
NO, + sunlight ->NO +0 


The atomic oxygen (0) formed in the above reaction then reacts with one of the abundant oxygen 
molecules (which makes up 20.94 % of the atmosphere) producing ozone (0s) 
0+0,0, 
* Nitrogen dioxide (NO,) can also react with radicals produced from volatile organic compounds in a 
series of reactions to form toxic products such as peroxyacety! nitrates (PAN) 
NO, + R products such as PAN 


Thou be noted that ozone can be produced naturally in an unpolluted atmosphere. However, it Is consumed 
by niltogen exide. The introduction of volatile organic compounds resuls in an aiternative pathway for the 
hittogen oxide. Although ill nkrogen dioxide is formed but ozone is not consumed, Therefore ozone 
concentrations can be elevated to toxic levels 


mr 


What jental chemistry? 
4 Matha branch of chemistry which deols with the chemicals ond other pollutants in the enlronment resulting 


cctivities 
peed eee chemical recions transportation of the chemicals and their adverse effects on 


human beings. 
a i “ 
et ke ord foo te ‘gm’ from smoke and ‘og" from fog! 
It is of two types: 
reel the anoke and sulfur dioxide produced from the buming of coal ean combine 
with fog to create industrial smog- 


college Chemistry: Federal Boord: Pare 
CH # 23; Enetronmenta! Chemistry ™ College 


Photochemical smog 

It's a condition that 
created from fos 
different and haz 


primary pollutants {oxides of nitrogen and 


ler the influence of sunlight to produce a mixture 


(iil) What are different sources and environmental ef 
hone fi eric azone intrusions 
Sources: It is formed from photolysis of NO,. Sometimes formed from stratospher 
Environmental Effects. it causes following environmental effects oe 
bronchial constriction. coughing, Sneezing, respiratory irritation, eye irritation, decreased crop je 
retards plant damages plastics, breaks dawn rubber, harsh odor 


(b) Carbon oxides 


bon oxides are: 

plete combustion of carbon containing fuels. (CO) 
Ibustion of agricultural of slush matter, (CO) 
action in blast furnace (CO} 

Cigarette smoke (CO) 
sil fuels 


on of Soil (CO;; 


ice CO, 


ects: 

Jes have following environmental effects 

ixygen Starvation) result suffocation 

Causes Green house and Global Warming results climatic changes 
Causes A 

Causes A 
Respir 


ory iritation 


(c) Sulphur oxides 
‘Sources; 
‘The sources of sulphur oxkles are: 
© Voleanic Eruption 
© Bumt of oif & coal. 
‘© Sulphide ores are roasted 


Enviromental Effects: 
‘The sulphur oxides have following environmental effects 
* Causes acid rain 


*  Respiraiory imitation, 
Loss of green color in plants 
‘+ Fading in color of Fabrics, leathers, paper and paints, 
(iv) For the development of photochemical smog, what conditions are 
The following conditions must occur to 


n necessary? 
‘begin the chemical process of photochemical ‘smog development. 


© Sunlight 
‘+ The production of oxides of nitrogen (NOx). 
* The prediction of volatile organic compounds (VOCs), 


‘Temperatures greater than 18 degrees Celsius, 
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(p14 23: Enelronmental Chemistry 


eats 
Boaetoe 03 ote om acid ran 


om PH of unpolluted rain water is 5.6 


Explanation 
We know that air contains SO. N 
(1) SO, present in air und Holytic and cataye 
or moisture to form H.SO, | « 2 i Rien 
SO, + H,0 + H,S0, 
(2) NO, reacts with rainy water or moisture 
4N, + H,O + O, + 4H 10, 
2NO, + H,0 0, + 2HNO, + 0. 
(8) CO, reacts with rainy wa sure 
CO, + H,0 + H,CO, 
(@) In some countries due to release 
H,SO,, HNO, and HCO, f 
As far as H,CO, Is conce: 


A 


© comprehensic 


th 


Quick Quiz-2 (il): Write doen different effect 


(1) It makes the lakes so a 
(2) The yield of agn 
(3) HNO, acid rain s 
(4) It fades the color of fabrics ie g 
(8) Causes extensive leaf-drop 
(6) It is very corrosive and 
(7) Acidification of soil and 

bodies, Then these 

animals and birds whic 
(8) It also damages steel, paint, p 


QUICK QUIZ-2 


() What te actd rain? 


eaten by fishe sngerous for those 


The pH of unpolluted rain water is 56. The roin woter h birink a Tia oesivon 
WW) Write down different effects of ocld rain? 

Page 472 
Wi) List out those acid present tn old rain 5 

‘The acids are: HCl, H;SO., HNO, and H,COs, However, HxCQy 


Wo) Name those heowy metals which leack due to occ 


GREEN HOUSE EFFEC T AND GLOBAL a 
heatiag up of earth due to the tropping of infrared ra 
P Co, yer cane is called “green-house-cffect 


pdiotions (reflect earth's surface by 


(CH # 23: Excieonmental Chemistry = 


© Thus, the presenc 
‘earth's surface t 
© Inother words, we can say that the layer of CO, gas in th tray 
‘coming from the earths’ s. qT 


infrared rays coming from an CO, layer, the nl 
raised, T the touse Effect ’ 
© The tise in the temperature prod: se-elfect in the e 
the amount of CO, gas present in ; 
a 
* This effect is used in horticulture for the upbringing of « sin a small house, whose wal ! 


oof are made of glass-sheet. This is called green house 
* The glass walls and glass roof of the house allow the short wavelength infrared 
sunlight, to go into green-house freely 
However, these do not allow the long wavelength infrared radiations, re 
other contents of the green-house to go out. 
‘These trapped infrared radiations raise the temperature inside the 
Thus, even without the intemal su 
than that outside it. 


Quick Quiz-2 (i): What is the importance of green house effect? Son 


radiations, cc 


eflected by the soil, plants and 


iPply of heat, the temperature inside the green house 


becomes high 


* The green house effect is produced by the presence of CO, layer in the atmosphere, It is very neces 
for our existence on the earth. 


* Due to aréen house eect, CO, gas inthe atmosphere does not allow the long wavelength infor! 
Feaiations reflected by the earth, to go out ofthe atmosphere. Hence the temporone of ie nt 
surface and its atmosphere is increased. 
thane in temperature ofthe eath is very necessary for our existence on earth, It is because witht 

Werted into extremely cold planet, Thus, we shall not be able 


to have 


www:topstudyworldscom. 


Heats 


WICK QUIZ-2: 


Yes Osis responsible for green house effect. Its be 

ialistions of longer wavelength. The layer of CO, gas in the atmos 

gemning from the earths’ surface. Thus, energy of rays is trapped by CO, 
isrised which is called Green House Etfect Rea 


What Is the Importance of green house effect? 
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tration of CO, Is responsible for climate chan 
Page 497 Exercise Q 2 (ix) 


TOMOBILE (POLLUTANTS AND CONVERTER) 

+ In automobiles during incomplete combust noke of different gases comes out which 
pollute the atmosphere. 

+ The engine used in these motor vehicles are « stion engines It is because the petvol 
which is used as a fuel is burt inside th 

* The exhaust gases contains CO, NO, NO. : les, 
alcohol and acids. 

+ Alltheses substances are poisonous and hence pollute air 


ands, some 


DUCTION OF POLLUTANTS Si = 

© Petrol is used as a fuel in automobile (car) engine. The main components ol petrol are hydrocarbon 
‘These hydrocarbons have general formula CyHyq and hence are called oc 

* Petrol bums very fast in a car engine. Due to short time available for burning, incomplete combustions of 
petrol takes place and some CO, unbumt carbon particles, CO,, water v. me alcohol and acids 
‘are produced. 

© CO and carbon particles are emitted into the air and thus air is polluted. 

* When petrol bums in a car engine, a very high temperature is produced. 

At this high temperature, Ny and O; present in air of the engine combine 
NO, These gases also pollute the air 


wer and form NO and 


@3 (iit): How would you control alr pollution? Describe different methods 


TROL MEASURE 
to control the alr pollution caused by hydrocarbons and CO etc the following methods ore used 


the vehicle engine, eg. 
3 petrol for its combustion is 


enables to bum mor’ 
* Due to this the quantity of unbumt hydrocarbons and CO coming out of the en th exh 
Is reduced and hence air pollution is aso minimized 
® PO(C,H,), is oxidized to PbO which gets deposited on the spark plugs and vo 
© In.orler to prevent the deposition of PbO. suitable amount of CH 
the petrol along with Pb(CaHs)«- 


ee \u \ 
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These halides convert PbO into PoCl, 
with the exhaust gases emitied by the vehic 
PO(C.H,), + O; + C:H,Cl; +C,H,Br, > CO, + H,O + PbCl, + PbBr, 

* Although the ad ti 


rr 


an 


(2) Catalytic oxidation/Converter: 
* The pollution of air caused 

‘8 gas device with the vehicle 

In this device the exhaust gases car 

Platinum catalyst before they are 

* Hydrocarbons and CO are oxidize 
2C\H,, + 250, -> 16CO, 18H,0 
2CO + 0, + 2C0, 

The disadvantage of this method is that the platinum catalyst gets poisoned by PbCl, 

‘re produced by the reaction between Pb(C,H.),, C.H.Cl: and C.H,Br, in the presence o! 


burnt completely in the 


() What is the rote of tetraethyl lead in minimizing the alr pollution? 
Petrol bums too fast in the engine, Thus, tetraethyl lead, Pb(CsHely 
combustion. Thus, it gives more time to the p 
unbumt hydrocarbons and CO coming out of th 
's also minimized 


(W) What ts intermnal combustion engine 


The engine used in these motor vehicles are called intemal combustion 
which is used as a fuel is burt inside the engine and not se 


ided to the petrol to a 
bustion, Hence, the quanti 
ie engine, with exhaust gases is reduced. Hence air po 


etrol for its complete com! 


engines. It is because the petrol 
parately 


(it) Name those pollutants produced In automobile engines. 


The exhaust gases from automobile engines contains CO, NO, NOs, un-burnt carbon particles, sone 
compounds, some alcohol and acids 


(te) What gas ts produced due to high temperature ‘of engine. 
At this high temperature, Np and Os present in air of the engine combine together and form NO and N 


(©) Whats draubback of lead tetrcthsl used to control ar pollaion 
Tetraethy! lead, Po(CaHs)s, is oxidized to PhO. which gets deposited on the Spark plugs and vz 
In order to prevent the deposition of PbO, suitable amount of C,H,Cl, 
petrol along with Pb(CyH,), SAGES 


salves 
Brz are also added 


-MISTRY OF THE STRATO 
This layer of atmosphere is present 20-40 km above the earth and ozone is 
about 28 kilometers, 
‘The concentration of ozone 
In this layer of atmosphere, 


Present in this layer at a he 


in this layer is 10 ppm (10 


Parts per million) 
‘ozone is most important. 
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Traces of O, in air do not 
elie ot harm but Oy of concentration more than 0.1 ppm is taxic and harmful to 


* 0, also attacks rubber products 
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PROTECTIVE ACTION OF OZONE EATER 


+ The thickest layer of O exists ata height of 23 km from the surface of the earth. 


. aud ce Present nth bar ‘absorbs harmful ultraviolet radiations coming from the sun. 

. radiations ree 
necensery foreach the earth, they will cause skin cancer and will destroy the organic molecules 
+ Thus, Os does not allow the ultra-violet radiati ¢ harmful 
Meee jations to reach the earth and thus saved from the harmful 
1, layer in the atmosphere disappears completely, then all the harmful ultra-violet radiations coming 


from the sun would reach the earth. It would cause skin cancer in men and animals and will also damage 
the plants, 


‘+ Hence, All the life on earth would then gradually be destroyed, 


ATMOSPHERE 


SOURCES OF DESTRUCTION DESTROYING THE OZONE LAYER PRESENT IN STRATOSPHERE 

‘+ In 1980 scientists showed that there isa hole in the O, layer. 

© This hole was detected over the region of Antarctica 

* Due to the absence of Os layer, the ultraviolet rays coming from the sun can pass through the hole and. 
thus can reach the earths’ surface. 

‘+ The ozone hole is due to the fact that the amount of Os present in stratosphere is getting reduced day by 
day. Thus, the ozone layer is becoming thinner and thinner. 

The depletion of the ozone layer is due to the following sources. 


(1) Oxides of Nitrogen: 
= The oxides of nitrogen present in the atmosphere decompose Os into O; and are themselves 
regenerated. 


NO + 0,->NO; + 0; 
NO; + 0-+NO + 0; 


© Thus, the presence of nitrogen oxides in the atmosphere destroys the ozone layer. 
© These oxides destroy about 70% of 0, found in the stratosphere. 
‘+ Greater is the amount of the oxides in the atmosphere greater is the percentage of Os which is destroyed 


(2) Nuclear Tests: 
‘Nuclear tests being conducted in the world generate high temperature 
‘Athigh temperature, atmospheric nitrogen is favorably oxidized to NO 
INO thus formed destroys ozone layer, as shown above. 


*hloro-Flouro Carbons: 
i rtone chore cafoons ae the oro-chlro methane like, Freon-1 (CFC) and Freon-2 (CF,Ch) 
“These are chemically inert and hence do not react with the substances, 


‘These are used as aerosol spray propellants, refrigerants, firefighting reagent and solvents for cleaning 
When as Spon phere, they abso ultavolet solar radiations and gt broken down ino fe atom 
‘Haring, bis atomic chlorine decomposes O; into O, like NO gas 

ci+0, > Cl+O 

clo +0 > 1+: 


OS eee i aC 
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ROTECTION OF THE OZONE LAYER: 


OME ALTERNATIVES TO CHLORO-FLUORO CARBONS (CFCs): 


stratosphere 


Much better substitutes for CF 

* One of them CF,CH,F has been used 
nearly all car air conditioners. 

* In electronic industries, soapy water followed by rinsin 
lean micto circuits 

* Unfortunately, a serious 
contribute to climate change 

‘+ However researches are going 
friendly, 


(1) Ozone acts both useful as well as harmful. Justify the statement. 


The O, absorbs the harmful ultra-violet radiations coming from the sun. Th 
harmful effects of ultra-violet rays, 


us, it saves the life from the 


However, its high concentration 


in atmosphere is very harmful. It causes re 
rubber, retards plant growth etc 


piratory problems, at 


im Enlist the possible alternatives to the use of CFCs. iS 
‘The possible alteratives to the use of chlrofluorcarbons (CFCs) are 
Hydrochlorofluorocarbons (HCFCs): e.g. CF,CHC), and CHF,Cl. 

Hydrofluorcarbons (HFCs), e.g. CF,CHF 


(Ml) How O, Is decomposed by oxides of nitrogen Sie teiay a 
The oxides of nitrogen present in the atmosphere. ‘decompose Os into O, and are themselves regenerated 

NO+0, + NO,+0, 

NO, +0 > NO+0, 


jv) How ozone Is produced 
3 is produced in the upper part of the at 


mosphere by the action of sunlight on O, 


30, + 20, 


‘Some Os is produced during various combustion processes taking place in the air. 
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These are of following types: 


'SPENDED SOLID 
3 een Bae are not completely soluble but suspended in the water. These wastes include: 
(2) Live-stock waste 
(8) Industrial wastes and 
(@) Leather tanneries 


" oe (): Briefly describe about oil spillage as @ source of water pollution and its effects on 


OIL SPILLAGE: 
Petroleum is a complex mixture of many compounds which are mainly hydrocarbons. 

Itis transported from one place to another through sea 

The petroleum products are used as: 

( Fuel 

(w) Lubricants manufacture of petrochemicals 

(up Plastics 

(Wo) Electrical appliances 

(o) Synthetic rubber 

(ol) Detergents 

In order to prepare such a large varieties of substances, petroleum is handled on large scale in the world, 
So the oil spillage can take place and it creates serious problems 


jon of Water by Petroleum: 
Water gets polluted 
(accidental oil spills 
(W) leakage from cargo oil tankers in sea 
(iu tanker trucks 
(le) pipelines leakage during offshore exploration 
{o) leakage of under ground storage tanks 


Spillage and Animal Life: 
® Many petroleum products are poisonous and create serious health problems to 
(Humans 
(W) Animals 
4 Pabeete —— are carcinogenic even at very low concentration 
‘Marine animals are seriously affected by soluble aromatic fractions of oil 
“The spilled oll damages the feather ofthe birds or fur of animals and sometimes causes their death 


1d. Thus, the process of 
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(2) IVE-STOCK Waste 


a! Sceathnties 1 " 
* Bactena are » he livestock waste es the sur . 
(W Dysente 
Ww Ty 
(uy Hepat 
(3) INDUSTRIAL WASTES 
Sources F ‘ 
© Industnes which are f , s ie 
Pollutants: a 
. are also release in smal 
puro: 
( 
of Industrial pollutants: 
£ Heavy metal panicles are highly toxic and do not have any safe limits 


© When they are 


continuously ingested through food or we 


tous health problems like anemia, kidney 


¥ get accumulated in the organi 
diseases, nervous disorder, high 


h blood pressure 
(4) LEATHER TANNERIES. 


* There are many leather tanning uni 


Industrial units, 
{eather Industries use chromium salts which have +6 oxidation state of chromium, 

* Only afew industries have the facilty of waste eatment. This ca, be done by reducing Cr“ a 
states to Cr"? oxidation state. Cr°? 


's precipitated as Cr(OH), 
* Cr salts are highly toxic and cause cancer 


4S working in Pakistan, Their sizes vary from cottage wale 


These are wastes which are dissolvedisoluble i water completely. These wastes inclade: 
(2) Detergents 


(2) Pesticides 
(3) Chemical fertilizers 
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that it contains pesticides which are toxic to fish 
ish and other h even if present in traces. 


‘phene has been reported to cause bone 


) CHEMICAL FERTILIZERS, 
te/phosphate salts are generally used as fe 
+ When these fertilizers are used in excess 
IN excess, some of their unused quantity'is washed away from the 
2arieulture lands into the ponds, lakes and river with rain water and thus polite the water Thus water is 
polluted, since it contains unused nite i : 


lizers, to 


3€ yield of the crops. 


Ins nitrogenous’phosphatic 
ke the water polluted 
the aquatic life and human 


() The presence of the fertilizers in the pe 
plants. These later on undergo decomp. 

deplete the amount of O, dissolved in water and h 

oF impossible 

(W) After a long period, the lakes and slow n ng 4 plant nutrients are converted 
Into swamps (A swamp is an area of very w iN growing in it) and marshes (A marsh is an 
‘area of land which is very wet and muddy), 

(WW) The water containing nitrate salt is not fit for drinking by human beings. Moreover, this polluted 
water cannot be purified for drinking purposes, 


cases the growth of algae and other aquatic 
able odor, These plants also 
al of aquatic life becomes dificult 


RMAL POLLUTION 

‘© Thermal pollution takes place because many electric generat ies use water in the process of 

cooling their generator. This heated water is then released into the system form which it was drawn, 

‘causing a warming trend of the surface, water. 

Thermal pollution results when the heated elfluent is released into poorly flushed system. In these cases 

permanent temperature increase often result, wich tend to decrease the solubility of dissolved oxygen, 

In lakes it also becomes possible to bring about nutrient redistributions and prolong summer stagnation 

periods. 

When heated water gets released into large, well-fushed marine systems there i litle if any permanent 

temperature rise. 

There are however problems related to the operation of plants utiling marine water in the cooling 
M y led of 
Evidence reveals tex tends to corrode the cooling pipes, which are generally constructed of a 

Oe a a a al aaa oot 
Taresed into the marine environment together with the heated eluent, This adds to the nickel and 
‘copper concentrations of these systems 

© In addition the screens covering the water intake pipes rapidly foul with marine organism. which 


ans peli The sceens have been commonly cleaned by using a 
Se ee it silat. These cleaning matesals have been then leased int 


m College Chemistry 


Q3 (0): What ls woste water treatment? Discuss different methods of it 


ANALYSIS/PURIFICA‘ 
Industrial wastewater treatment covers the mechani 
before its release into the environment or its re-use 
Most industries Produce some wet waste. Al 
such production or recycle such waste within 
However, many industries remain depend: 


Water Treatment Plant 


[Do You Know? ARTs 
pst wo exh und nt oer Henne | 


the polar ie caps and in glaciers 


TREATMENT OF INDUSTRI, 


‘The different types of contaminat 
(A) SOLIDS REMOVAL 


WASTE WATER 


a 
Most solids can be remov 
ludge, 
(B) OILS AND GREASES 
* Many oils can be recovered from open water 
© However, hydraulic oils () 
or emulsified component s 
(C) SOFT ORGANICS 
* Organic material of plant ‘origin is usually possibl i 
voter ese lant or anima origin i He to treat using extended conventional i 
* Problems can arise if the 
Such as neat blood of ne & Scevey dtd with washing Weyer or Is highly concent 


© The nce of cleani it 
treatment process" 29°": disinfectants, pesticides, or antbticg ‘can have detrimental imps 
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(0) HARD ORGANICS 
# Synthetic organic materials inch : 
including solvents, paints. ph 
can be very dificult to teat. PANS. Pho 
* Treatment methods ar 


often specific to the material being treated. Methods include distillation 
adsorption, nitification, incineration, chemical immobiication ein enn Beste ein 
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ruticals, pesticides, coking products ete 


(E) ACIDS AND ALKALIS 
* Acids and alkalis can usually be neut 


* Neutralization frequently produces a preci 
also be toxic df 


* In some cases, gasses may be evolved requiring trea 


under controlled condi 


tate that will require treatment as a solid residue that may 


for the gas stream, 


(F) TOXIC MATERIALS 
* Toxic materials including many organic materials, me 
acids, alkalis, non-metallic elements (such as arsenic o: 
Processes unless very dilute 
Metals can often be precipitated out by changing the pH or by 
Many, however, are resistant to t 
filling or recycling, 


iver, cadmium, thallium ete:) 
erally resistant to biological 


chemicals. 
ntration followed by land 


() Briefly describe about oll spillage as a source of water pollution and tts effe 


Page 471 

(U) Enlist the diseases coused by live-stock 
Bacteria are present in the livestock waste. These cause different diseases like 
(a) Dysentery, (b) Typhoid, _(c) Hepatitis 


(i) How Industrial wastes pollute water! . 
The industrial pollutants are highly toxic organic compounds and heavy metals like Pb, Cd, Cr, Hg, As, Sb 
etc, Oil greases, Mineral acids are also release in small quantities. 

‘These pollutants result in contamination of water and make it unsuitable for irrigation and drinking purposes. 


chemicals. iltzers luted water? 
Ry Whee Raccpiceshass ‘aikoes are used in excess, some of their quantity is washed away into the ponds, 
lakes and river with rain water and thus pollute the water. 
‘The waste water coming from the ferilizer industries also contains nitrogenous’phosphatic fertilizers. When 
these are washed away into the lakes and river with rain water, they make the water polluted 
2 BY CESS 
‘How solubil ‘oxygen in water Is reduced by thermal pollution 
ees Santon MISS hen the heated effuent is released into poorly fhished system, In these cases 


permanent temperature increase may occur, which decreases the solubility of dissolved oxygen 


WO hat a men? of very wet land with wid plants growing init. It is generally a love-lying area where 
swamp is an 


water collects. 
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Various Parameters of Water Analysis 


Following table will help us to determine the water qua 
Table 
Porameler 
Dissolved | General Indicator of 
oxygen Water quality ; source 
of 0, 
Total | Clog fish gill 
Suspended teduce ligh 
solids 
Total | 
dissolved content which m 
solids may not be toxic 
BoD Amount of dissolved 
oxygen removed during 
| decomposition of orga: 
Ric matter in a given 
} time; a generat ‘indi. 
ator of contamination 
due to biodegradable 
organics 
cop Indicates the concentra: 
tion of materials oxidi- 
zable by chemical reac. | 
tion 
pit Indicates the addition of | 
acids or bases 
Iron Excessive amount 
clog fish gills: in 
nage from iron: 
ng sediments, 
mines, industrial pro: 
cesses 
Manganese 


quality Indicators 


Hoge Chemistry Federal Board, Por 


rable fish 


Status 


3 mg/liter Fairly clean 
$ mglliter Doubiful 


10 mg/liter Contaminated 


0-5 meiliter indicates 
very clean streams 


| 
| PH depends on actual 


system 


can | A maximum of 0.7. mp/ 
ieates | liter for diverse fii, 


Populations 
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Table (Contd) 


Porameter Significance Level 


Copper Indicates drainage from | A maximum of 0.02:10 
copper-bearing —sedi- | me/liter is a common 
Tent, mines, plating, or | criterion for stream 
other industrial sources quality 


Zine Indicates mine drainage | A maximum of 1 mg/ 
or industrial input liter is a common crite- 
tion for stream quality 


ae Cd, Pb, | Indicates industrial input | A maximum of 1 mg/ 
i, 


Cr, liter is a common crite- 
Ag, etc. | tion for stream quality 
Nitrate A major plant nutrient; | A maximum of 0.3 mg/ 


in high-concentrations | liter to prevent excessive 
it can promote excessive | fertilization of streams 
plant growth; major | 
sources are fertilizers, 
sludge, and sewage 


Phosphate A major plant nutricnt; | A maximum of 0.03-0.40 

Major sources are de- | ~g/liter tots! inorganic 
tergents, fertilizer, sew- | phosphate » a common 
age criterion 


) What ls green chemistry 
The daden of chemical products ond processes that reduce or eliminate the use and generation of hazardous 


‘substances is called green chemistry. 
Green chemistry emphasizes the design and creation of chemicals that are not he 
environment. 


azardous to people or the 


Tmportance of green chemistry 
aera, erties the design and creation of chemical that are ro! hazardous to people or the 
Merrett selective nreducing the impect of chemicals on human health and the environment 


NWhat is spinosod 
Spinoeed i an Insecticide manufactured by fermenting 2 natural 
Bike BPA a tied tak insecticide in 1997. thas following advantages 
* Itdoes not leach, volatilize, or persis in the environment 
Q Infield left 70 to 90 percent of beneficial insects unharmed 
* It has a relatively low toxicity 1 mammals and birds. It is slightly to moderal 


‘organisms, However, it is toxic to bees. 


ly occurring soil organism. It was registered 


toxic to aquatic 
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(We) Give principle of green chemistry 
The des 


(el) Give use 


Exercive Q3 |e) Write 


GREEN CHEMISTRY 


The ten 


and generation of ha 


(4) Acct 


(w MIN! 


WHY GREEN CHEMISTRY? 
Green chemistry is electve in reducing the impact 


of chemicals on human health and the ervit 


* In addition: many companies have lourd that # can be cheeper and even profitable to meet « Bice 
Pals. Profits dene from higher efficiency, leu waste. better product quality, and reduced ltr 
+ Mary even nd te pt hac ce dy ate = 
can be compicated 
. But green chematry allows companies to comply withthe law in much simpler and cheaper ways. he 
. Finally, green chemistry is @ fundamental science-based approach, Addressing the problem of hazard * 
‘molecular level. it can be applied to all kinds of environmental issues as 
Since 1991, there have been 


many advances in green chemistry, in both academic research and i 
implementation. = 
* For example, Spinosad, an insecticide manufactured by fermen 


# naturally occurring soil organs 
registered by the EPA aso reduced-ris insecticide in 1997. a tural occurring 
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(le) Give principle of green chemistry 
The design of ¢ 


environment 


(0) What ts synthetic effici 
An effi 
produ 


(e) Give use of renewable 
Re e 


1991, is defined as 


The design of chemical products and processes that reduce or eliminate the use ond generation of 
substances is called green chemistry: 


‘© Green chemistry emphasizes 


jesign and creation of chemicals that are not hazardous to peop 
‘environment 


© thas been appl 
pesticides, plastics, m 


to a wide range of industrial and consumet goods, including paints, dyes, 
vedicines, electronics, dry cleaning. energy generation, and water purificat 


we 
T 
WHY GREEN CHEMISTRY? SaaS mye 
* Green chemisty is effective in reducing the impact of chemicals on human health and the envi a 
) 
* In addition, many companies have found that it can be cheaper and even profitable to meet : 
goals. Profits derive from higher efficiency, less waste, better product quality. and reduced llabiite * 
) 
* Many environmental laws and regulations target hazardous chemicals, and folowing all these reqs" 
can be complicated, ¥ 
* But green chemistry allows companies to comply with the law in much simpler and cheaper ways. ; 
* Finally, green chemistry isa fundamental science-based approach. Addressing the problem of haa! ® 
molecular level, it can be applied to all kinds of environmental sauce 
* Since 1991. there have been many advances in green chemistry, in both academic research and in 6 
implementation 
* For example, Spinosad, an inecticide manufactured by fermenting a naturally occuring sol oxo" 0 
registered by the EPA as a reduced-risk insecticide in 1997, 
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TWELVE (12) PRINCIPLES OF GREEN CHEMISTRY 
The aim ‘of green chemistry is to reduce chemical related imy 
( impact on human health and virtually eliminate 
foiamination ofthe environment through dedicated. sustainable prevention progam® 


Green chemistry searches for alternative, environmentally friendly 
; y reaction media and at the same time 
strives to increase reaction rates and lower reaction temperatures 


Sigma-Aldrich is dedicated to providing altemative products designed with the health fety of its 
Bee cater > ost a P lesigned with the health and safety of i 


a green chemistry concept applies innovative scientific solutions to solve environmental issues posed in the 


Paul T. Anastas, an organic chemist working in the Office of Pollution Prevention and Toxins at the EPA, 
and John C, Warner developed the Twelve Principles of Green Chemistry in 1991 


The twelve Principles focus on reducing the volumes of chemicals used and pollution prevention, 
These principles can be grouped into "Reducing Risk and "Minimizing the Environmental Footprint 


q 3 RIS LABORATORY 
This group includes four principles 

|) Use Safer Chemicals ~ Utilize performance chemicals that have the lowest levels of tonicity, 

Design Less Hazardous Synthesis Methods ~ Where feasible, make use of synthetic or biosynthetic 

‘methods that pose little or no toxicity to human health: and the environment. 

13) Use Safer Solvents and Reaction Conditions ~ Search for the most up-to-date information on green 
solvents that will optimize your process and provide a safer working environment 

1) Accident Prevention ~ Select ‘substances that minimize the potenti»! for explosions, fires and chemical 
releases into the environment. 


W MINIMIZING THE ENVIRONMENTAL FOOTPRINT 
This group includes eight principles 


(1) Waste Minimization and Prevention ~ Develop chemical synthesis techniques, which reduce of prevent 
‘Waste, Its better to prevent waste than to clean it up after its creation. 
(2) Use of Catalysts Instead of Stoichiometric Quantities Catalytic reactions inherently use smaller quantities 
‘of chemicals to carry out a specified transformation. 
4 groups or other forms of temporary 


(8) Reduce the Use of Chemical Derivatives The use of protecti 
‘adds to the total waste incurred in a synthetic route. 


al process ensures that the maximum amount of 


modification of a functionality 
Synthetic Efficiency Economy) — An efficient chemic: 
or isd nthe hina product otal 0 om is wasted 
Designed for Degradation ~ Reduce i 
be biodegradable 
(6) Estabtiohment of in Process Controls for Pollution Precention = To avoid the formation of hazardous 
Sibslansan adopt realtime analysis and in process monitoring during sythess 
= Use raw materials or renewable feedstacks (waste from other processes 
secular seams) whenever echically or economically fase 
“1 Encouroge Energy Eificiency - The realization of the ‘economical and environmental impact of energy use in 
TC rhemal prea ac the velopment ofaliemative means reduce he wrist 


fect on the environment by using 


versely 


Sources of radioacti 
(i) Radioactive Cloud: 


a 


destroyed 
(Ml) Tumors: People 


(le) Radioactive Elem 
and animal 


(v) Nuclear Explosions: 2 i s 
aquatic life 
(01) Gamma radiations: 


* Among the radicay 


ctive radiations, gamma radiations are the most dangerous, since the 


energy and big penetrating power, 


ey lose ene 
These charged 
it reduces the ef 
enzymes and even damage genes and chromosomes. 
All this results in diseases like leakaemnania and cancer, 
(oll) Nuctear Radiations: |n a nuclear reactor, 
‘energy Is produced. Nuclear radiations a 


taking place in the nuclear reactor. These radiations can leck from the reactor and therefore, 
health of the human beings and animals. 


Control measures for minimizing radioactive pollution 


Disposal of Nuclear Waste 
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2NO + 2CO +N, + 2C0, 
+ COand CH, are oxidized by air, 
2CO + 0, 2C0, 
eg GHy + 110; + 70, + 8H,0 


For all thtee of these reactions happen, it is necessary to use a three way converter and to have an 
‘oxygen monitor fitted to the engine 


This checks the quantity of oxygen going into the engine to make sure there is enough to cary out the 

oxidation reactions. 

+ The overall result of passing exhaust gases through this kind of ca 
CAH, to relatively harmless N,, CO, and H,0. 

‘The catalytic reactions do not stat working until the catalyst has reached a te 
0 they are not effective until the engine has warmed up. 

© Catalyst systems of this type cost several hundred pounds. It is mainly due to the high cost of the 
Precious metal they contain, The catalyst is poisoned by lead, so unleaded fuel must always be used 


system Is to convert CO, NO, and 


of about 200°C. 


the factories, forms and indsty Sea a watt pollen 
Beers ron iat anufectuing or chemical process in indies contributes 0 wl at 


"ae 
oor 


‘washing powders, etc. These ‘misconnected 
* These flushed directly into 9 1a) et 


Ngarbage into streams lakes. rer 
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ypes of Drainage Systems 
There are normally two forms of 


| Surface water drains, or ‘storm drains 


‘These carry rainwater from road surfaces 
untreated. 


Foul water drains 
These carry waste water from toilets, sinks, baths and hou 
This water is treated before it can safely flow bac! 


ehold appliances to the 
cand 5 


Pollution in America 


‘* Americans generate 1.6 million tons of household hazardous waste per year. 

* The average home can accumulate as much as 100 pounds of household hazardou: 

basement or garage and in storage closets, When improperly disposed of, household hazardous 

can create a risk to people and the environment 

* Paints, cleaners, oils, batteries, and pesticides are examples of just a few of the common hous 
hazardous wastes that need special disposal. 


Eutrophication 


When fresh water is artificially supplemented with nutrients, it results in an abnormal increase in the 
of water plants, This is known as eutrophication, 


* The discharge of waste from industries, agriculture, and urban communities into water bodies ger 
stretches the biological capacities of aquatic systems 

Chemical run-off from fields also adds nutrients to water. 

Excess nutrients cause the water body to become choked with organic substances and organisms 

When organic matter exceeds the capacity of the micro-organisms in water that break down ard 

the organic matter, it encourages rapid growth of algae. 

When the algae die, their remains add to the organic wastes already in the water. eventually, he! 

‘becomes deficient in oxygen, 

‘Anserobic organisms (those that do not require oxygen to live) then attack the organic wastes, 

gases such as methane and hydrogen sulphide. These are harmful to the ‘oxygen-requiring (ae 

forms of lif. The result is a foul-smelling, wastefilled body of water. 

Untreated sewage effluent in the water 

covers the bed of the watercourse like 

fish, insects and animals that live in and 


Polluted water is unsuitable for drinking, recreation, agriculture, and industry. 
It diminishes the aesthetic quality of lakes and rivers. 
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fhe Biggest Source of Air Pollution: * 
The biggest source of air pollution is automobs 

il 
In past there was bull cart 


t, donkey carts 7 
BSS cae Ascoone ‘ey carts animals were used by 


cars, buses and trains are 


GY plus different gasses include hydrocarbons, Nitrogen 
leavy metals and particles. These gases enter into air and 
in such polluted environment it causes asthma, coughi9g nausea, ch 


pain, bronchitis diseases etc 


sfects of Alr Pollution 


* Its estimated that usually 24000 deaths occur due to air pollutio 
Nervous System. 

* Automobiles are responsible for depletion of ozone in stratosphere sheet 
entering the atmosphere which is escape from vehicle ait condition (ACs) 

* Vehicles are responsible 
¥ {for 80% pollution in metropolitan region, 


7 three fold increases in energy consumption for global warming, Its because burning of fuel produces 
CO, 


1 because pollution damage central 


because of source of CFCs 


ontrol of Air Pollution 
() Ways to improve the impact of cars. 
Ways to improve impacts of car like uses of small cars, clearer cars, efficient engine catal 
are compulsory and use of biocheral. The following measures may be helpful 
(@) Use of Fuel cells: It cause only water comes out as its exhaust electrical vehicle pose problem 
because of range of batteries and seep, 
(b) Use of Hybrid electric petrol: It cut down the fuel wastage and effect the high energy (uel on 
board e.g. in Delhi they demolished the buses run on diesel 
(c) Restricts the occurs to the citles or part of cities 
a, Chester Yor, oxford have given ree copie: Parking atthe edge of town, 
Improve Information about road ‘end public transpor 
Ses 2iget ane Wkerencae given the port) to term wally, buses, puking prohiblons 
50% of all the trips as by means of public transport c 
Is another solution where the pollution emitted by the car is measured and the driver is 
changed on the buses of level multiplies the distance travel. 


ters 


() Technological improvements ; 

Ee ‘technological innovations have been made form 1970 onwards to make more {viendly 
ieee, Technological improvements include 
“Technological changes to reduce cooling zone of engine wall and reduce hydrocarbon and non 
control at IC engine 

at 
‘converter technology (CCT) emission 
‘ad ceramic filter an Diesel vehicles 
fuel efficient Diesel 
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jozone] 


Occurance 


Ozone layer is found in the stratosphere approximately 10-50 km above 
Ozone molecules have three atoms of oxygen instead of the normal tow 
Advantage 


The ozone layer protects us from the harmful effects of certain wave lenaths 
coming from the sun., socially UVB. 

Any significant decrease in ozone in the atmosphere would result in an increase o' 
reaching the earth surface 

* Increase in levels at UVB radiation can result in the increase in skin cancer, suppress the in 
eye disorder including catavart and effect plants, animals and plastic mate: 


Ozone depletion < 3 

* In 1985, scientists discovered that there is severe ozone depletion in the Anti 
‘confirmed by American Satellite observations 

Chlorofluorocarbons (CFCs) were invented in 1928 found many used in foams 

Conditioners, solvent, five extinguishers etc. these CCs are long lied and their 

stratosphere and cause ozone depletion, This has been dramatically confirmed throu 

hole. 

The United Nations Environment Programme (UNEP) has been addressing th 

ozone layer since 1977 and in 1981 UNEPs Govemiing Council set up a workin 

global framework conventions for protection of azone layer 

* By reducing the use of CFCs we can protect ozone layer for saving the environment { 

* Montreal protocol on substances the deplete the ozone layer was finally agree upc 
1987 and adopted by the Govemment in this protocol azone depleting substances « 


Alternatives to ozone-depleting halocarbons = 
* Hydrofluorocartons (HFCs) and perfluorocarbons (PFCs) ate alternative halocarbone 


* These are being used to replace ODS in industrial and commercial applications and 
more widespread 


Other altermatives to ODS include ammonia, carbon dioxide and hydrocarbons. 


* The production of some ozone depleting substances (e 
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nt environmental concern? 


sissions continues to be an important environme: , Se Hie. ponte ODS: 
gnatospheric ozone layer causes increased hen eS Rant 
od climate change, as cataracts, skin cancer 


NATURAL WATER PURIFICATION METHODS 

There are several, natural ways that you can p 
+ In the event of an emergency 
to avold getting sick, 


Though many people think purifying water Is difficult. However, there are a number of simple. 
natural means of purifying water that can easily be used in an emergency. 


sv 


© One of the most common ways that w: 
* If contaminated water (say urine) is 
teaches the saturation level 
© The other chemicals that are mixed with 
water is left. 
‘This method of water purification is used in many sewage trea 
‘water out of the waste that goes through the plant 


Mt may become necessary to purify the water for drinking in order 


Passing it through sand and soil 


¢ woter is going to travel down until it 


we sand until only the 


ilies a6 a big part of separating 


Water can be boiled to make it more pure 
* Boiling water kills bacteria and other germs in the water, which makes it saler to drink 
* Procedure 
¥ Water is poured into a sealed pot, with a tube leading out oft 
The water turns into steam, and the steam escapes through the tube 
4 The tube transports the steam to another container, where the steam condenses back into water 
¥ This process can eliminate more contaminants from water (such as salt), but it is also more 


complicated. 


\CLorH FILTRATION 
© Cloth filters can be used to help keep larger contaminants out of water 
‘* Procedure: 

¥ This: is very simple, 
v PO thee hugh a oth, o through several layes of cla 
The cloths’ weave will strain the water and hold back impuntes. 

offe fter is used, except thatthe liter is paper rather 

¥ This is the same process that happens when 2 c 

than cloth. 
¥ Paper well. 
# ee tm cadres be sed of a clean cloth to stain your water. 
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How rain water seepage through hazardous waste dumpsites can dissolve jy 
drinking water supplies Be 


Hazardous waste: 
Hazardous waste is waste that is dangerous or potentially harmful to our health or the environment 
* Hazardous wastes can be liquids, solids, gases, or sludges. 
* They can be discarded commercial products, ie cleaning fluids or pesticides, or the by-produc 
‘manufacturing processes, 
* Its very important to dispose off hazardous waste carelully otherwise it contaminate the ait, water, 
soil. 


Groundwater: 


Groundwater is rain water or water from surface water bodies, ike lakes or streams, that soaks into the soils 
bedrock. It is stored underground in the tiny spaces between rocks and particles of soil. 
Groundwater contaminants come from two categories of sources: 


Point sources 


‘These are Landi, leaking gasoline storage tanks, leaking septic tanks, and accidental pil 


‘Non-point sources. 


{nfitration from farm land treated with pesticides and fertilizers is an example of a non-point source 


. ing over the last two decades. It is because underground se 
and 1960s have become corroded. Before 1980, nc" 
underground tanks were made of steel. Without adequate conosion Protection, up to half of them lee 
the time they are 15 years old, 


contaminate large quantities of water. 


unsecured landfills If rain water or surface water comes it 
ine the ground, it ean become polluted and can cary the pollution four sha to al 
Contaminants can also spread to wells or surface water, making it unsafe te den Sean 


Apart from chemical pollutants the major culprits 
‘commonly found water bone diseases, 
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a Few compounds have CFCs combination of non-flammabiliy. non-toxicity and inertness, For uses such 
Fay aeons itis necessary oid compounds wit exc the right boling point. 
1+ Hydrofluorocarbon : 
Some of the important replacements for these uses are the hydrofluoracarbons, CFCs (also known as 
hydrofluorocarbon or HFCs.). An example is 1,1,1,2-tetrafluoroethane, CH,CH,F, which is used as a 
refrigerant, 
© HFCs are 


sofe: 

¥ HFCs have the advantage that they contain no Cl atoms, so they do not release damaging Cl radicals 
in the stratosphere, 

Y Moreover, their molecules include C-H bonds, which are relatively reactive, It means that these 


compounds break down in the atmosphere more quickly than CFCs so they do not persist for so 
long. 


When pet 

nitrogen is favora! wed to NON 

By keeping the vehicle prope 

Pollution cause a a resent in the ¢ 


als and someumes cay 


uses their death 


Surfactants are organic compounds having polar or fy 


oF non-polar oF Iyophilic groups soluble in water 


The waste heat from electrical generating 


Water bodies mich as a river, lake, or ocean, 


il damages the feath 


Stations is transferred to cooling water obtained fi 


entration. Marine animals arc 


her of the bird: 


Yrophilic groups such as -COOH, -SOyH, N 


rom lord 


Water purtication isa process of Femoving harmful substances and odor from a raw water source. 
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{) Airs polluted by: 
(a) Toxic materials 

(W) Which of following gas is not pollution? >. 
(a) SO, {b) CO 


(&.Co, id) NC 


(c) Salts 


(0) Hydrocarbons (c) Harmful 


(a)20-254M (by 25.2 
pl Gores te detroyed = 
(2) SO, 
(0) In Weather industry: 
fomium (VI) is used 
wo aa 


(2) Aeration (b) Coagulation 


km —F™ (e) 30-32km 


(4) 20-3 
(b) No, 


(©) Chromium (Ill) isused — (c) N 


(c) Disinfection 


(b) Lithosphere (c) Atmosphere ( 


{eI Chlorofluorocarbons 


d) All of above 


10k 
~ (4) None of above 
Nickel is used (d) Aluminum is used 


(d) All of above 


(d) Hydrosphere 


ls passed through water then the disinfection Is done due to the production? 


<b) HOC] {e) NOCI 
(c) stomach 
Fungicides are the pesticides which 
(a) control the growth of fungus 


(b) kill insects 


(CO, is gen 


\) Ans: (b) 25-28 
[he thickness of ozone in stratosphere is 25-28 km 


Wi) Ans: (a) Chromium (VD) is used. 


PAN causes irritation in eyes 


id) nose 


() ill plants 


brief answers for the following question: 


8 What are components of environment? 
(a) Atmosphere (0) Hydrosphere 
{c) Lithosphere (8) Bispbe ent 
Biel discuss the role of atmosphere In our enironnen 
Our surrounding on earth is called atrosp 


y 
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(a) These gases absorb harmful radia 
life on earth. Otherwise these rays are very har 
(b) No Is used by nitrogen fixing bacteria 
fe) O, is necessary for bre: 
(4) CO; is necessary for phot 
(e) Water vapours are respor 
(il) Enlist different layers of our atmosphere. 
Atmosphere has been divided into fc 
1. Troposphere 2. Stratosphere 
(Iv) What are sources of air pollution? 
Sources of air pollution are: 
(a) Nitrogen oxides (NO and NO, 
(bf Oxides of sulphur (SO; and SO;) 
(€) Volatile organic compounds (VOCs) 
(a) Carbon monoxide (CO) 


d electromagnetic radiatio 


0 living things on earth 


4. Thermosphe 


(0) What are the Important air pollutants? 
Important air pollutants are 
(a) Nitrogen oxides 
(by Sulpher oxides 
(c) Peroxyacetyl nitrates 
(d) Petoxybenzol 
{@) Volatile organic compounds 
Carbon monoxide ~, 


(ot) What are the sources of CO emission? Discuss Its effects. 
Source of CO SS ee a 
Ce Incomplete combustion of carbon containing fuels. (CO) 
» Incomplete combustion of agricultural of slush matter, (CO) 
During thereaction:in blast furnace (CO) 
“Cigarette smoke (CO) > 
Effects 
* Causes Anoxia (Oxygen Starvation) result suffocation 
* (Causes Groen house and Global Warming results climatic changes, 


‘moa (t) Primary and abondary pollute's 
floxide ‘burning of coal can cor” 
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Secondary Pollutants 
Hut 

The i voce which are Sena) tee Primary pollutants by chemical reactions in the atmosphere 

eee Sphuric acid, fittogen monoxide, tarbonic acid, hydrofluoric acid, peroxyacety-nitrate (PAN) 


(sp How does photochemical smog differ from reducing smog? 

Photochemical smog is a condition that develops when primary pollutants (oxides of nitrogen and volatile 
‘organic compounds created from fossil fuel combustion) inferact under the influence of sunlight to produce a 
misture of hundreds of different and hazardous chemicals known as secondary pollutants. While reducing 
‘smog is formed when smoke and sulphur dioxide produced from buming of coal combine with fog 


(td) What ts global warming? eed) 
When sunlight consists of ultraviolet rays, isiblelightand infrared rays alls onthe top ofthe atmosphere 
the harmful ultra vioilets rays are absorbed by O, laver'and hence do not reach on the other hands, the 

visible light andCinfrared rays pass through the CO, layeT-and falls on the earth~Since the infrared 

radiations have heating effect they heat the earth and its objects, This is called global warming, 


(9) What are the latest predictions about global warming? —_ 
* If the atmosphere contains oo much quantity of CO;, Che green house effect B considerably 
increased, =e Sate Ana 
+ Thus, due to excess quantity of CO; present in the atmosphere; the temperature of the earth is 
Increased too much. This too much high temperature melts all the glaciers (snow-mountains) floods 
the low-lying areas of the earth, 
'* Italso changes the biological Activity of oceans and the pattems of cropping ete 


(i) “What goses are responsible for green house effects? 
The gases are 
(a) CO, and CO (b) Methane (c) CFCs (d) Nitrogen oxides 


(oll) Briefly discuss effects of acid rain. 
( — Itmakes thélakes so acidic that they can no longer Support fish life-> 
ti) ‘The yleld of pce reduced: 

(itt) HINO, acid rain gradually eats up lime ston and marble ofthe buildings and corrodes metals 

(lo) Th fades the ics {¥:g-cotton, nylon and rayon), leather and paper 
(o) Causes extensive leaf-drop in plants 
(ol) Itis very corrosive and, > 
(oll) Acidification of soil and rocks can leach metals ike Al, Hg, Pb and Ca and discharge them into 
water bodies. Italo damages sel, aint, plastic, cement, masony work nd sculptural material 
Sewe_+ “ye wry 
{xitt) What are sources and environmental effects of? (a) VOCs _{b) PAN A 
Page 462 guen in Table feve.cf Pia Sex Vr 
(ik) What are effects of excess of CO; present in atmosphere» W\G NV 
+ Ifthe atmosphere contains too much quantity of CO,, the green house effect is Considerably Increased 
‘© Thus, due to excess quantity of CO; present in the atmosphere; the temperature of the earth is increased 
too much. This too much high temperature melts all the glaciers (snow-mountains) floods the low-lving 
areas of the earth, 
Ttalso changes the biological Activity of oceans and the patterns of cropping etc. 


'%) Discuss the sources and typical effects of SO, as pollutant. 


fable 
In ache doce the woures ond peal ect of oxides o trogen 


Page 462 given in Table 
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som) What is azone? Hie does It work as 
The_gaone (O,) is the protective 


The thickest layer of O. 


} exists at a height 
Lultgertolet radiations edin 


the sun. Thu es the 


-witl)_ How ozone ix formed in stratosphere? 
Ops produced in the upper part of the 
~30, +20, 


Some Oy is produced during various combustion processes taking place in the a 


(six) What do you know about “Ozone hole”? 


tn 1985, scientists discovered that there is severe ozone deplet 
chiorofiuorocarbons reach stratosphere and cause ozone depletion: This ho 
—“Hirough Antarctic ozone hole. 


(2 How ts ozone layer depleting? 

') oxides of nitrogen in the atmosphere cenverts Oy into Oz 
NOFO, — NO; +0; = 
NO+O — No, 
Nuclear tests generate high temperature. Due to this the nitrogen (s oxidized 1 
ozone layer. 

AW) Use of chloro-flouro carbons destroy ozone layer by decomposing Os into Oy 
G+; = cO+0; 
GO +0, — C+ 2 


(xxl) What are the effects of ozone layer depletion? 
1: laver in the atmosphere disappears completely, then all the harmful ulte-vicet ra 
from the sun would reach the earth. It would cause skin cancer in |men and animals 
the plants, Hence, All the life on earth would then. gradually be destroyed 


(od!) What should we do to save ozone? 
In order to save the destruction of O, layer 
‘Some new types of substances should be di 
should not react with Os layer. 
Leaded petrol should be used in automobiles 


different types of water pollution? 
The contamination of water with the subsiances which have cere n human beings, ar 
plant ts called water pallution, SEE Eee 
__ Sources of water pollution are 
* Oil spillage 


It diminishes the aesthetic quality of Lue + agriculture, and industry. 
The contaminated water estoy org a sue. atic ‘ 
The polluted water causes several dnennee © 2h AUS i reproductive aby. 


ui 


te 


Primary treatment involves the removal of sand particles are other particles which are visible, 


i) What Is secondary treatment of waste water? 
Secondary treatment involves 
* Solids removal 
Oils and greases 
Soft organics 
Hard organics 
Acid and alkalis 
Toxic materials 


[ewitt) How would avold from thermal pollution? 
The companies tse hot water in cooling their generators. When hot water is released in water bodies, it 
decreases the solubility of dissolved oxygen. Thus causes serious threat to life in water. So, the 
‘companies should decrease the temperature of hot water before discharging into water bodies, 


{03: Give detailed answers for the following questions. * 
1) Describe different chemical reaction occurring in our atmosphere. 
Poge 461 


I) Write a comprehensive note on acid rain, 
Page 465 

| (ut) How would you control alr pollution? Describe different methods. 
Page 467 

ie) What Is Thermal Pollution? Discuss Its sources ond environmeritai effects. 
Page 473 

 (e) What ts waste water treatment? Discuss different methods of It. 
Page 474 

{cl) Write a note on Green Chemistry. 


Poge 478. 
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TEST YOUR SKILLS one 


Marks: 17 
= ROL Ene partons ceneek 
Q1. Circe the conect option ie. ATSC D) Each part carves 
NeWiolmeiphere ic 
(a) by pls a“ 
(0: Arica of pimeey 
(a) Oxides of ritrog 
{c) + 
(W) Which ofthe flowing pe 
(a) SO, N d) All 
(a) Al Fe Hg 2 ’ 
() The thickest layer, 
: 2 
al) Which of fot gus rot 2 
(a) SO, c} CO, ’ 
(vill) Oxidizing smog ist of high concentrati 
a lang Se ia a 
ESTER er bay Merger tees 
Gi) The Beonstem nthe eke a 
al Biosabere B} itceghene iiecote i 
Wi) When Gree wletend haces 
a) He f a) CIO, 
(a) Water pa 
(a) Aerai (cl) Disinfection (d) All 
(xi) Whit ne ral doenses? og” Al 
(a) Polio vPhord —(c} Dysentery (4) Diarthea 
bv) Suotais ae mane yor polar or hydrophilic groupe such as 
ie) cou 4 


fo) NH d) a 
Likes of groundwater 35, 
1 1000000 (2) 16000 


disease? 


(xv. One titer of 


xvi) 
z ds undice — consoles (©) Typhoid) parotyphoid 
{xvil) “Which non ~ metallic ele 


ments are generally resistant to biol 
(a) Arseuic ) selenium 


n 
(i) Time: 2:35 Hours: o 


G2 Attempt any FOURTEEN parts, Th 
(2) What are components of environment? 
() | Write any two importances of atmosphere 


(Ula) Diferentiate between primary secondary pollutants? 
(6) 
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{0) Enlist the possible alternatives of the use of CFCs 
{a) (a) Which diseases are caused by live stock? 
{b), What is swamp? 
(0) (2) What is green Chemistry? 
(b). What is synthetic efficiency? 
{x) Give principles of green chemistry 
(ai) (@) How would you avoid from thermal pollution? 
{0} Give two examples of fluoro - chloro carbons? 


(ail) 


What is secondary treatment of waste water? 


{b) What is primary treatment of water? 


(xiv) 


Briefly discuss the effect of water pollution, 


(6) (a) What is global warming? 


(xvi) 


(b). Which factors are playing majo role in global warming? 
Discuss the sources & typical effects of oxides of S as pollutant 


(xvii)(a)What are the latest predictions about global warming? 


(b) 
(i) 
(xixi(a) 

tb) 


‘What gases are responsible for greenhouse effect? 
What are the effects of ozone layer depletion? 
What are the important air pollutants? 

‘What should we do to save ozone? 


Section -¢ 


(01) 
(a5) 
15) 
(02) 
(01) 
(03) 
(02) 
(ou) 
a5) 
(1.5) 
(03) 
(15) 
(15) 
(03) 
(02) 
(01) 
(03) 
a5) 
(15) 


Note: Attempt any TWO questions. All questions carry equal marks, (2 <13=26) 


1. @) 
(b) 


i) 
() 


‘What are the effects of acid rain? 
1s. CO, responsible for green house effect? If yes then How? 
How we can control the air pollution caused by hydrocarbons & CO? 
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(04) 
(04) 
(05) 


‘What is radioactive pollution? What are sources of radioactive pollution & it elects? (05) 


What are control measures for minimizing radioactive pollution? 
Waite tow salient principles of green chemistry. 

What are different treatments of industrial wastewater? 

How following parameters help up to determine the quality of woter? 
BoD i) COD 

What are suspended solid & sediments? How they are caused? 


(08) 
(0) 
(05) 
(04) 


(04) 


(C824 Anat! Cherry 
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CHAPTER # 24 : Ty 
ANALYTICAL {| 
CHEMISTRY | 


Analytical Chemistry 


Analstical chemistry is the branch of chemistry that deals with separation and analysis of a s 
its components. 


‘The separation iscaried out belore qualitative and quantitative analysis 


ius 
Qualitative analysis provides the identity of « substance (composi 


Quantitative analysis 


Quantitative analysis det 


mn of chemical species) 


vermines the amount of each components present in the sample. 


tical Chemistry 


{n analytical chemisty different techniques and sr aruments used for analysis are studied. The scope 
ranch covers food, water, environmental and elincal analysis 


Procedure: 
‘The steps for this procedure are: 
+ Weigh a sam, 


stion of @ compound that contains 
(CH.O,) are carbon dioxide and wat 


be contains a substance that absorbs wait, 


carbon dioxide. 
* Weigh each of these tubes before and after the combustior 4 
mao HO thee com mn. The increase in mass in the fist tube & 
ost of Hi In the combustion, and the inc 


Tease in mass for the second tube is the mass” 


been converted to CO, and i econd tube 
rapped in the second tbs 
from the mass of carbon in the measured mass of C° 


tube, Calcutay 
of water. 


(1 Ane Chemis 
‘+ Ifthe compound contains oxygen as wel 
subtracting the mass of carbon and hyd 

+ Use this data to determine the emp 


mass of the oxyge: 


ample of compound 


ical and molecu 


Z 
Fig, Apporstus for Combunzion Analals 
Example 
Consider a substance called trioxane For Tt 


mixture of a substance called tnoxane 3 
dissolved in a solvent, like water, before 


‘The molecular formula of trio an be detennined using 
the data from two different exper Z . 
(D Inthe first experiment, 17.471 g of trionane is burned in atus shown above, and 10477 g H,0 
and 25,612 g CO, are formes 
(In the second experiment, the mois nd t0 be 90.079 
Caleuletions 
We can get the molecular formula of a compound from its empirical formula and is moleculos mass, To get 


‘empirical formula, we need to determine the mass in grams of the carbon. ‘and oxygen in 17.471 


| gof trioxane, Thus, we need to perform these general steps 
Determine the grams of carbon, hydrogen. and 0 nthe given data 
fom the grams A, and ONY 


'* Step-lll: Determine the molecular formula from the empirical formula and the giver 


lecular mass 


atbon in 17.471 


Since itis assumed that all the carbon in trioxane has reacted to form CO, So 
trloxane is determined by calculating the mass of ca:bon in 25 612 g CO, 


q Amol ) (12011 g9C' 
2gC= 25612900: tacos, (TmIce) SC) . 68099 


ay 
T mol CO;) (T mol | 


Since lle sssumed that all the hydrogen in tioxane has reacted to form H,O. So, the mass of hydrogen in 
17471. g trioxane is determined by calculating the mass of hydrogen in 10 477g H,0. 


molHO \{2molH ) {1.00797 gH pee 
“ots 1047790 sgureagRD) (rear) | tmae | 19 


Since, trioxane contains carbon, hydrogen. and oxygen. so the mass ‘of oxygen is determined by 
“i g Fae eae and hycooen rm toh mass of trioxane. 


= 1.1724gH = 9.30990 


C18 24 Aneiiat Chenoa 35} 
Step-I1 


We now calculate the 


formula. 


(Amol mol C 
Pmelc = 698099 ¢( FATS | = ossi96maic + 05818 1 mo! 


HH) ' 2m 
Prete dos Eee = 1.1631 molH * 0.5818 = 2molH 


?mel0= 930090 (tO) = 05818 mol O + 05818 = 1molO 


Step-IIt 


The empirical formula is CH,O, which 


can be used to calculate the molecular formula, 
Empirical formula mass = 1(12.011) + 2(1,00794) + 1(15.9994 


= 30.026 


n= —_molecularmass  _ 90.079 


apne 23 
empiricalformulamass 30.026 


Molecular formula C\H,O, 
Drawbacks. 


The classical method i, combustion analysis is only ln 
carbon, hydrogen. and oxygen. So there 
‘toms/elements present in 


to 


@ need of such me 
€n organic compounds. Henc, 


thods which explainir 
"€ now modem method: 


(1) Gtoe difference 
Qualitative ana 
Quantitative ana 


between qualitative and quantitative ‘analysis 
sis Provides the identity of a substance (composition of che 
alvals determines the amount of each components prese 


"mical species) 
nthe sample 


(2) Name the products obtai 


ined by complete combustion 
The only products of the 
ea CH, +20, 5 


of a hydrocarbon 


are carbon dioxide 
2€0, + 24,0 


and water 


those organic compounds which co 


s are used for this purpose 


ygen is ca 
of compou 
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METHODS OF ANALYSIS 
R Modem chemisty Iabersisnrs 
@ These instumens 2 wen 
work oo 


These are: infrared, ultravioletVisble, nuclear magnetic cetera 
copy and mass spectroscopy 


Theory and Importance: 

* The energy of the absorbed IR 
shown in the fig. When the molecule 2 the F 
bonds vibrate more energetically \\\ 


* Different bonds absorb radiation of different frequencies. The 
absorbed frequency is the characteristic of a particular bond. Thus, 
IR absorption can be used to identity the bonds, and therefore, the 


functional groups in an organic molecule. wr 
* The figure shows that the effect of IR radiations of vibration of HCI ota 
When an HCI molecule absorbs inirared radiation, it vibrates more to 


Gnergetically. The frequency of radiation absorbed is 7.21x10"Hz._ | 
and this frequency is characteristic of the HCl bond 


Interpretation of IR spectrum: Pe RAS 


* The IR spectrometer produces an infrared spectrum on a chart recorder as sh 
Spectrum contains several peaks of absorption 


}Own Ih 
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given spectrum is the IR spectrum of propanone (acetone), CH,COCH,, 


a meme ume 
smavenumber/om"t 


Fig. The infrared spectrum of propanone 
vever, the spectrum Is quite 


'« The propanone is a simple molecule with only three types of bond, How 
complicated. It is because each bond can vibrate in different ways and the vibrations can inleract with 


+ The IR spectrum of propanone consists of two characteristic peaks 
The strong peak at about 1720cm" corresponds to the C=O bond, 
9 ri Sota Pepeorption at 3000cm corresponds tothe C-H bond. This peak is weaker eventhough 
there are more H atoms in the molecule 


Pig. The infrared opectrom of ethanol CHCH,OH 


for ethanol following are the characteristic poaks 
. Ar pak st below 3000s fom the CH bonds 
. ‘The pesk at about 400em is from the O11 Bond 


—$—$<—$< LAA 


Figure 24.5 shows the IR spectrum of ethanol, CH,CH,OH. Look closely at the 
(W) What bond gives rise to the peak just below 3000cm 


This is due to C -H 


(W) What bond gives rise to the peak at about 3400em'? 
This is due to O -H stretching vibra e P 


—————————— 


|ULTRAVOILET AND VISIBLE SPECTROSCOPY (UV-Vis) 
Emission Spectrum. 2 


When electrons of a 


radiations of certain frequencies. It 
The radiation may be 


Examples and Theory: 
© When sodiut 
* Consider methylene 61 
electrons in the dye’s molec 
and change their energy lev 
removed from white light, th 
light is shining on it. This is 
frequencies of visible radiation, 
* Ultraviolet radiation can be absorbed in a si 
By finding which frequencies have been absorbed chemists can get 
Consider an aqueous solute of titanium (ti) 
(TW(H,0},)**, and Ct(aq) ions. A solution of 
that the solution absorbs most effective! 
Violet radiations are abso! 
50 the Ti*(aq) ion must bx 


chloride 


on methylene blue, some 
absorb certain frequencies of light 


he red end of the spectrum. If red 


can only be notice 


example of a visible absorption nical absorbs ce 


pectrum, where a c 


isible by 


t can be detected by instrumens 
information about the chen 
chloride. This contain the octahedral complex 
titanium(ll) chloride is violet. An absorption spectrum shot 
ly in the green-yellow region of the spectrum figure, Red biue » 
Ded less efficiently, s0 the solute looks violet. Both water and CI (aq) are clarion 
# responsible forthe color ofthe solution. 


EEE 
ore 
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iy exerining the frequencies emitted, chemists can get information 
iglomation about conjugation and extent of conjugation in a substance 
The emission spectrum of hydrogen gave chemists the first clues about the energy levels of electrons in an 


about the subst 


-¢. It particulaily qives 


om. 
(Generally, higher the conjugation in a substance, higher will be the wavelength of light that will be absorbed, 


Inan ultraviolet/visible spectroscope, radiation consisting of a mixture of ultraviolet and visible freque 
passed through a sample of a compound, 


‘Adetector measures the frequencies of absorbed radiations and prints out an absoxption spectrurn 
The figure shows the ultraviolevvisible absorption spectrum of methylene bhie. The hhorwontal axis show 
the wavelengths of radiation absorbed, in nanometers [ni). The vertical axis shows the relative absorbance. 


how strongly it is absorbed, 
The ultravioletvisible spectrum of an organic compounds is characteristic of that coanpound 
The compound can be identified by comparing its spectrum with the ypectta of known compound 


The approximate wavelengths of vis 
radiation of different colours 
Colour Approximate 
wavelength/ar 
(infrared) above 700 
red 620-700 
orange 600-620 
yellow 520-600 
‘green 520-580 
blue-green 490-520 
blue 440-490 
indigo 420-440 
violet 400-420 
[ulteaviotet} rel 400, 


compounds, However ather type 
ming the struct 


for the 
tant techniave yore sell for det 


vagnetic resonance, 0 


a 
(CH #26 Anaiyical Chemastny = 


INUCLEAR MAGNETIC RESONANCE (NMR) 
Theor : 


| 


* The nuclear magnet can have two alignment of low and h 


magnet can be changed from low eneray to the high energy al 
spin fipping. 


hown in tt 
supplying 
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F gE 
+ The exact frequency of energy depends 
mn and elecion in ts neighbor eras °7 Me eoHTONmeEnt ofthe nucleus, i. it depends on the other 
fence, when 
. (neal Pete ce en magnetic filed, different protons in a molecule absorb 
tls Ns technique is called nuclear magnetic resonance (t 
«The result is recorded in the 
NMR spectrum the chemical s 
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form of an NMR spectrum 


shift values are present on X. # yaa ; 


intensity of absorption on Y-axis, 


ebb 


Figure: simplified NMR spectrometer. The sample i dissolved in 2s 


nuclear magnetic properiex 


© The technique of NMR is particularly useful for identifying the number and type of hydrogen atoms (H) 
inamolecule. 


Its also used to find the position of carbon atoms. The common isotope of carbon, “C does not have a 
nuclear magnet but natural carbons contains 1% of the °C isotope which does show magnetic behavior 


‘and can be identified using NMR. 


‘meant by the term chemical shift of « particular proton in NMR spectroxcopy? Also 
‘of protons in NMR spectrum of ethyl alcohol (For chy! loo! we Example 2 bel 


The separation of a signal in NMR spectrum from a reference point is called chemical shift 


. jatoms in a particular type of environment have similar postions in the NMR spectrum Normally 
tepoace ss rmetoured as a chemical shit, form a fixed reference point. The reference point norally 


D Gmedis the absorption ofa substance known as TMS. The chemical shit of TMS ist at eo. 


‘sands for tetremethyislane, Si non-toxic and uncreative substance is chosen as the 
Sr eae its ees ae peak pie segerates ies ne ook found Wve 
Mpa ome ‘compounds. 


sy 
| ves the chemical shifts for some common proton environments 
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‘Chemical shift, 8, in region of 


(CH #26 Analyst Chemisry 


Typeof proton 
ach, 09 
RCHR isd 
hs 7 
4 ch, — 23 
—0-¢H, 38 
—0—CH-R 40 
0-H 5.0 
18 
© 
—t=0 95 
AG. 1.0 
H 
Intensity of Absorption 


In NMR spectrum, the intensity of absorption on Y-axis gives the number of nuclei present in 
environment. The relative ratio of area under each peak is measured by an integrator present 
spectrometer. 


INTERPRETATION OF NMR SPECTRUM 


Example 1: 
* Consider the NMR spectrum of ethylbenzene C,H,CH;CH, as shown in the figrure. 


Figure: The proton NMR spectrum of ethylbenzine, C,H,CH,CH, 


+ This is a proton NMR. aie Hot 
whch ate rotons. Thee ae hee mer eee eo he absorption of ene 
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Each peak corresponds to H atoms in a different molecular environment. This area under ech peak is 
Proportional to the number of that type of H atom 
‘The largest peak (A) corresponds to the 5 H atoms 
‘The second largest (C) conesponds to the 3 H ato 
The third peak (B) corresponds to the 2 H atoms i 


in the molecule. 
in CH, the benzene ring 
ms in the ~CH, group. 

in the CH, group. 


Example 2: 


The following figure shows a simplified proton NMR spectrum for ethanol, CH,CH,OH, 
Ithas been simplified by removing some of the detail so the peaks appear single. 
The peak for TMS is also present 


The integrated trace is also shown which gives the relative areas under each of the peaks. 


chemical st 


[NMR spectrum for ethanol, CH,CH,OH. ted trace sh reas under the peaks 
proton NMR spect sol, CH The integrated trace shows that areas under the pet 
Figure: A simplified l. ; 


be interpreted as 
ical shift values, the spectrum of ethanol can 

ron ices oak (@) corresponds to the 3 H atoms in ~CH, 

ihe ra iegest peak (2) corresponds to the 2 H atoms in the ~CH, group. 
$ Then peak (1) conesponds tothe 1H atoms inthe -OH group 


SUCK QUIS 


Ml) Use table to Identify each of the peaks In figure (NMR spectrum of eth 


lyworld com 
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(1!) Explain the relative areas under the peaks 
The ratio of relative height of integrated trace in the NMR spectrum is 


Peak (1): Peak (2): Peak (3) 
1 2 3 
Thus, 
© Peak (1) corresponds to one proton —_(due to OH) 


Peak (2) corresponds to two protons (due to CH.) 
Peak (3) corresponds to three protons (due to CHs) 


LL 


SPIN-SPIN COUPLING: _ 
In NMR, 


‘magnetic interaction of neighboring nuclei with each other is 


od spin-spin coupling, 


In NMR, the splitting of signal of a particular nucleus due to spin-spin coupling with neighboring nu 
called spin-spin spliting. 


Consider the simplified NMR spectrum of ethanol as shown below. 


integrated trace 


It shows three single peaks. 

* The smallest peak corresponds to the si 

* The mide peak comesponds tothe moet, mee 
™ ‘The largest peak corresponds tothe three CH, pro 


AA detailed high-resolution spectrum of 
number of subsidiary peaks 7 of ethanol shows that the CH, and CH, fect spit int? 
maaan ro Na he 
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vane Rages 
peak tO 7 
{ Pron ae fc ne ye 
‘see lo pone 
2 ton 
3 
" c = r a 
Figure: A detailed high-res F : 


Explanation of spin-spin coupling 


One of the carbon atoms in ethanol has \ ons on it (CI 3 
ynol has two protons on it (CH.). The other has three protons on it (CH) 
Consider CH; protons which act like tiny magnets When the extemal magnetic field is applied, these three 
tiny magnets can arrange themselves in four different ways 


(All three aligned with the magnetic field 
(W) All three aligned against the magnetic field 

(wt) Two aligned with the field and one aligned against it 
(Wo) On aligned with the field and two aligned against it 


So, each different field interacts 


Each of these four arrangements gives a slightly different overall monet 
with the neighboring CH; protons slightly differently. 
‘Thus, these CH, protons give four different peaks very close to one another. These p 


weaks are called a quartet 


extemal magnetic field. 


© Similarly the two protons on the CH, group can arrange themselves differently in t 
‘This time there are three different arrangements 


(i) All two aligned with the magnetic field 
{il) All two aligned against the magnetic field 
(iu)One aligned with the field and one aligned against 


ds interacts with the neighboring CH, protons slightly differently 
ive three different peaks very close fo one another, These three peaks are called 


"Each of these different fe 
_ Thus, these CH; protons 
triplet, 


‘n +1 peaks. 


CH 2 Analytical Ch 


(1) Which type of nucleus has magnetic filed . 


Ifa nucleus has an even 


overall magnetic fled 


(2) What happens when a moguetic nue 
Ifa magnetic n 


us is placed in magnetic filed 


place Ie | magnetic field, the nuclear m 


nuclear magnet can have two alignm 


* One is of low energy, which is along the external magnet field z 
* Other is of high eneray, which is 


jainst the extern 


oscopy 
It is an analytical technique used to find the nature of nuclei h 
Presence of external magnetic field 

The nuclei which bi ic moment can take up two orientations in external magnetic field 
of low energy and the other is of high energy. The low eneray state can be converted inte high eni 
by supplying energy from the radio frequency region. The exact frequency of energy depends « 


environment of the nucleus ‘ent protons in a molecule absorb different frequencies of rad 
and thus they can be i 


(8) What is nuclear magnetic resonance spectr 


having magnetic moment (e.g. protons) jn 


e mag 


(@ What information is obtained from NM spectrum 


In NMR spectrum, dillerent peaks are present. These peas give two information, 
$ The postion of peak on X-axis gives the nature of nuclei present in » Particular environemnt, 
xls gives the number of nuclei present in a particular envit 


* The intensity of absorption on 


onme 


under peaks in NMR spectrum 
ronment 


lar environment. 


© The number of 
© The area und 


aks gives the types of nuclei in different envi 
peaks gives the number of nuclei in a particul 


@ particular peak is measured 


ly used is the absorption of 
reference 


as a chemical shift form a fixed relew 
® substance known as Te 


amet 


is set at zero, 


waving magnetic moment in a mole: 


field due to their different alignmn 


cule. The magnetic nucle 
or nucleus slightly differently, Thu 


rents 
the signal of a pay 


pi on ne 
So, each neighboring diferente 
ticular ni 


us is split up. 


Exercise Q3 (vi 
tnstrumentation used, 
ATOMIC 


Be wivcble of Aone. Azores SpecrasconF Dowie W 


In atomic emission 
flames spars, It 


‘ators emit radiat 
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Pncote 

source vaporizes the samy 5 “4 
~ molecules in the gas phase ¢ sample and causes electronic exctaton of elementary parties in the gs Excited 


spectra. Thus, a molecule in an excited stale of energy, E, und 
transition to a state of lower energy E, and a photon of energy hu is emitted where poses 


(Cotege Chemisty: Fert Beet: Pat 1} 


E,-E, =hv 

In each electronic state a molecule may exist in a number of vibrational and rotational states of different 

Advantages of Emission Spectroscopy 
Emission method is extremely important in analysis 

(1) This technique is highly specific 

(2) This method is extremely sensitive. With this technique all metalic elements can be detected even if they are 
present in very low concentration. 

(8) Even metalloids have been identified by this technique 

(4) This analysis can be performed either in solid or liquid state with almost equal convenience. 

(8) This technique requires minimum sample preparation as a sample can be directly introduced into the spark 

(6) The technique provides results very rapidly. If automated, ime required is just 80 sec to one minute 


(7) This method has been used for a wide variety of samples like metals, alloys, paints, geological specimen, 
environmental and biological samples. 


Disadvantages of Emission Spectroscopy 
() The equipment is costly and wide experience is required for its successful handling and interpretation of 


(2) rea {s done on a photographic plate which takes some time to develop, print and interpret the results 
(8) Radiation intensities are not always be reproducible. 

(4) Relative error exceeds 1 to 2 %, 

(5) The accuracy and precision are not high. 


{@) Emission spectroscopy has been employed in determining the impurities of Ni Mr Cr, Si, Al, Ma, As Sn, Co, 
V, Pb, Bi, P and Mo in iron and steel in metallurgical processes 
been analyzed. 

(2) Alloys of Zn, Cu, Pb, Al, Mg and Sn have’ 

,bricants analyzed for Ni, Fe, Cr, Mn, Si Al and 20 on. if the concentration of metal in 
6) Lacan hove een ais exces we an ore engi al 

vhich makes fuel poor. 

petroleum ils analyzed for V, Ni, Fe the presence of which makes fuel 

a ae Shee tissues have been analyzed for several elements including K, Na, Ca, Zn, Ni, Fe 


oe fos been used to detect 40 elements in plants and so. Thus metal deficiency" pants 
(6) 
‘and oil can be diagnosed. 


‘emission spectroscopy: 


1 {2) The following materials have been analsed by 
@) Trace and major constituents in ceramics 


TOMIC ABSORPTION SPECTROSCOPY (AAS) 


Qui 
Principle of AAS 


Quiz-§ (1): Glee principle of atomic absorption spectroscopy 


‘Guick Quiz-6 (2): Give few application of atomic absorption spectroscopy 


Applications of Atomic Absorption Spectroscopy (AAS) 
aT . . owerful tool of 


1) Glee principle of atomic absorption spectroscopy 


512 


few application of atomic absorption spectroscopy 


MEET a ah 
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feercise Q3 (vil): What is the by Fel oar Pa 1 


The mass spectrometer is an 

is an instrument which 

Epi ape h tums atoms and molecules into ions and measi 

" ton invented the mass spectrometer. This gave chemists a reliabl Bieerionly 
In 119, Aton vee te mas oe sts a reliable and accurate method of 


* Atone time, the relative masses vere known as atomic weights, but nowadays w em 
2 i of we " 
iat ‘atoms were known as atomic weights, but nowadays we refer to then 


Basic Principle: 


The basic idea of a mass ‘be demi 
rs ‘spectrometer can be demonstrated usi 
balls of diferent sizes but with identical ron cores, roll down a siopn 


in figure. Wooden 


appara 


Piatal magnet ettracs the iron cores and the moving balls are defleced. Bed oes 8 
collecting compartments 
<Yy 
Fi 
large powerful magnet 
N 
: | 
| 
‘increasing deflection | 
Figure: A simple model to Mlustrate the working of « m: pe 
‘Ashe balls have identical iron cores they are all attracted equally net But the smaller balls are 
ia traloe they are defected the most. The balls colct in diferent comparen's depending on 
ne apparatus, ts poslole 


the same compartment. Using this simp 


mass, All balls of the same mass collect in 
to separate the different sized balls according to their mass an 


id to find the 


TA real mass spectrometer works in a simila fashion to this simple 
their mass and shows the felative numbers of the different ators 
td separated, they must be converted 1o positively charged fons 


ithe same attraction for all the balls? 


fhavehdentical iron cores, they 


eo 
oy pesos bol wit are deflected the 


“The smaller balls are lighter, therefore 1 


lon detector 


1 = Vaportzation 


A 


* Gases, liquids and volatile solids are injected i 


+ Less volatile solids must 


2 - Ionization 


> "Shenson artices | 


ino the instrument just before the ionization chambet 


bbe preheated to vaporize them 
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e * MESS AR Cage Pe 
high- i 2 
ee erty atom positive _clectron high-energy 
mn ion knocked electron 


outofX retreating 


or occasionally 
(TRS 3 Set aI ay Parse 
we 
2electrons 
knocked 
out of X 
3 - Acceleration 


© These positive ions such X* and X** now pass through holes in parallel plates. 
= An electric field is applied to accelerates the ions into the instrument towards the magnetic filed, 


4- Deflection 
@  Asthe ions pass through the magnetic field, they are deflected according to their mass and their charge 
© The particles can only pass through the instrument i they are positively charged 


5 - Detection 
© Ifthe accelerating electric field and the deflecting magnetic field are co 
mass/charge ratio will hit the ion detector at the end of the apparatus. 
¥ Ions of smaller mass/charge ratio will be deflected too much, 
¥ Ions of greater mass/charge ratio ‘will be deflected too little. 
‘© The ion detector is usually linked through an amplifier to a recorder. 
© As the strength of the magnetic field is slowly increased ions of increasing 
spectrum is traced out bby the recorder as shown in the figure. 


nt, ions of only one patticular 


‘ass will be detected and mass 


Figure: A mass spectrometer race for naturally osc 
eights of the peaks in the mass spectrum a= & measure of the relaive amounts of the difler 


Ing a known substance is fist oblained on the 
‘by comparison with this 


CHA 26 Anayical Chess 


>>E—=—=—_—_—_—_————— 
QUICK QUIZ-8 
Look closely ot igure 24.15 


(1) How many different ions are detected in the mass spectrum vf naturally occurring magnetism 
Since, there arg three peaks in the mass spec 


(2) What are the relotive masses of these different i 
The position of peaks shows that the relat 


we masses are 24, 25 and 26, 


{) What ore he late proprdon of hs tiferent lays? 
The ions with telative mass 24 is most ee The ions e 
comparatively less abundance. However, both these have 


SOCIETY, TECHNOLOGY AND SCIENCE 


IC CHEMISTRY ie 

Forensic chemistry ts the application of chemistry to criminal investigation 

* It deals with criminal investigation, in the laboratory analysis of forensic evidence 

+ Italso develops the analytical skills required for other areas of civil 
accident investigation and product liability 

Analytical measurements are essential to everyday life, required 

control the quality of many products, to protect the enviro 

* Thus, analytical Chemistry is important non only in chemistry, but also in fields suc 
and the forensic, food, environmental and pharmaceutical sciences 

* Forensic chemisty is the application of analytical chemistry to the law and in: 
Physical traces, such as body fluids, bones, fibres and drugs 

The success in analytical chemistry requires the ability to make rigorous 

of the principles and practice of modem instrumentation, and a problem-col, 


WwW Such as en 


9 approac 
Abilities of a Forensic Chemist 
* The forensic chemist requires a strong background in chemical analysis and prob 
must be able to effectively coms 


imuunicate the results of laboratory 


analysis in rep: 


courtroom, 


The forensic chemist must have a strong theoretical and experimental bac grou 


85 well as in problem solving skils, 
* Forensic chemists must have good attention to di 
* They need critical thinking abilities to solve crim 
* Forensic chemists must take 


etal and superior problem-solving ski 
e puzzles based on fragmentary evidence 

accurate records of their findings. Th 
hnical subjects so that othe: 


‘Chemical instruments are used exte 
of the major users, 


research and development activities, laboratories be 


ated to be $30.2 billion in the 
6.10 reach $45.2 billion, 
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J, The mixture is dissolved in a fluid called ugh a structure holdin 
1 EEO eran ee mobile phase, which camies it through a structure holding 

J) The various constituents of the mixture travel at different speeds, causing them to separale. 

+ The separation is based on differential partitioning between the mobile and stationary phases, Slight 
differences in a compound's partition coefficient result in differential retention on the stationary phase and 

thus changing the separation. 


| iss spectromet 

> Itisan analytical technique that measures the mass-to-charge ratio of charged particles 
~ Jo ttisused 

¥ for determining masses of particles, 
for determining the elemental composition of a sample or molecule, and 
¥ for determining the chemical structures of molecules, such as peptides and other chemical compounds, 
ly It works by ionizing chemical compounds to generate charged molecules or molecule fragments and 
‘Measuring their mass-to-charge ratios. 


Gas chromatography-mass spectrometry (GC-MS) _ ts Pies 
It is 0 method that combines the features of gas-liquid chromatography and mass spectrometry to identify 
it substances, even present in small amounts, within a test sample 


These include drug detection, fire investigation, environmental analysis, explosives investigation, and 
identification of unknown samples. 

' GC-MS can also be used in airport security to detect substances in luggage or on human bein 
ft ean identify trace elements in materials that were previously thought to have disintegra 
identification. 

GC-MS has been widely heralded as a "gold standard” for forensic substance identification beca 
used to perform a specific test. A specific test postvely identifies the actual presence of a particular 
substance in a given sample. 


d beyond 


ass spectrometry (LC-MS, or lternatively HPLC-MS) 
fachemisiry technique that combines the physical separation copebiliies ofIquid chvoryat 
the mass analysis capabilities of mass spectrometry 
* Ithas very high sensitivity and selectivity. 
erGlenerlly ts epplication is oriented towards the general dewection and potential Wlenttication of 


chemicals ‘of other chemicals (in a complex mixture 
Fe ea and mass des! piston of atl 


Neracts and new molecular entities important to food. p! 


sgrophy (or HPLC) 


- armaceutical, agrachemical and other 


1g is that it often tails to distingy 


j imitations of LE-MS in urine analysis drua scr 


, 


ERAT ATION «odes 


the empirical formula once the 
The molecular 


agement of atoms. It can be found from a know 
Tyr appear aii drinketoaats b 3 instrumental. methods, particular 

moe of the properties of the sompour by. tang rare eel 

spectrameny, (ntiared (IR) 5} and roclen ae Oa 

The instument that is used to measure the amou ‘ 


i alent within the mole roMoted fron 
Absorption of infiared radiahon causes covale 


Wibvational enengy level to a higher ¥ 


Stonger bonds 


ite greater energy to vibrate. Therefore such bonds absorb infrared radiation 


Diterent functional grox 


adiation at different wavelengths and their presence 
abwence in a mole 


le can be den 


by examination of an IR spectrum. 
No two compounds have ena 


id spectra 
Absorption of ultraviolet vist 


ses electrons within molec 


to be promoted from 


energy level to a higher & 


trove energy level 
absent UV.VIs ta 


s that the compound does not cont 
coniigated double bonds, 


Hanoy 


anic compound absorbs UV-Vis radiation it 


¢ compound contains a carbon 


OF Cony conjugated dienes, carbonyl compounds 


wed double bonds. For example, 
compounds all asort in the UV-Vis region 
Absomption of raie 


D waves in the presence of a magnetic fi 
promoted from one spin energy le 


ield causes nuclei within molecules 
10 a higher spin energy level 
NMR spectrum corresponds to the 


‘number of signals in t 


umber of different types of protons 
molecules 


The position (chemical shift) of each signal 
protons 


‘Wes information about the structural environment 


The relative areas (Interrogation) 
in the molecule. If the molecul 
determined, 


der the signals give the 


ation of the numbers of each type of pt 
formula is known, the 


actual number of each type of protons <# 


ber of protons on neighboring carbons. The mus 


Janal's split signal is split is one more than the total number of protons 


directly adjacent carbons 
Emission spectroscopy is concemed with the 
They emit radiations in the form of discrete 


characteristic radiation produced when atoms « 
wavelengths of light, called spectral lines while rt" 


es the study of 1 
If light of the 


the absorption of radiant energy, usual 
Tesonance wavelength passes through ° 


1. and the extent of absorpti 
flame. 
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er cryrg fekiaieg -tmigues oer not noone steclromagnete —— 

{a) Infrared spectroscopy (b) NMR spectroscopy ic radiations! 
troscopy —_(d) All of these involve electromagnetic 

et hasten ake rors 

(a) Ultraviolet —_(b) Visible : lons: 


apes (d) None of these 
of the following techniques Is different from the others as regards the 
a en! zy sgards the basle principle? 


{¢) Electronic spectroscopy {id} None of these 
Which of the following Is used as source of elsible rodiations? 
s} Tungsten Rlament lamp (b} Hydrogen discharge lamp 
jum discharge lamp’ —(d) All of these 
What Is the wavelength range of the ordinary Infrared region? 
(Q08-25ym = {b) 25-16 um 
{6)16-1000jpm = “{d) 400-800 nm 
The position of an infrared absorption band is commonly expressed by 
(a) Wavelength {6} Wave number ~ 
(Both of these (d) None of the 
f) Wich of the following Is not used aso source of Infrared radlatio 
fa)Nernst filament {OJ Tungsten filament = 
xp fy, () Globar (€) None of these 
A Ja) Which region ofthe electromagnetic spectrum Is ncolved in mass spectrometry? 
{a) Visible (b) Microwave 
(c) Radiowave (d}None of these 
Mass spectroscopy Is an analytical technique which involves: 


{a) Production of ns form the sample 
Sominatlice a 
irement of the relative abundance of the gaseous iors 


‘spectrometry can be used to determine. 
(a) Molecular weight {b) Molecular formula. 
{c) Molecular structure (d) All of these 


iz detected In the mass spectrometer? 


Which of the following species 
oo] CelFosey ane ecies{o) Radicals 
‘molecules: (d) All of these s 
Which of the, species ls produced Inthe loniztion chamber of ¢ mass spectrometer? 
piste charg ae 
ee CO Nieoiea species obtained from a mass spectrum? 


n about a positively charged 
(b) Relative abundance 
(4) None of these 

studied in a mass spectrometer? 


{b) A liquid 


a 300-500 nm 
ae (a region generally lex belizeer. 


‘or vacuum ultraviolet resi 


sxvli) Far infrared region of the electromagnetic radiation 9: 


‘questions. 
ipectroscopy? Underline its principles 
Spectroscopy: Spectroscopy involved using\astumesieto examine the sada 
chemicals ving information about this molesular fructure 

Principle: Wher’ electromagnetic radiation such as lgh 
interact with the radiation in some way ‘The way a pa al interacts 
“its molecules and structure: 


red \shines on 


(W) What Is meant by wavelength and frequency? 
tens 


{ta the distance between two adjacent crests or troughs in a beam of radiation, 
Ihis denote by 4. 


lis units are picometer, nanometer or angstrom etc 
1A =10-m, 1 nm=10-%, 


m, 1 pm=10-"%m, 

Frequency 

{tts the number of waves, which passes through a given Point in one second. 
Itis denoted by v. Its units are cycles s“!or = or Herts (He) 

1 Hz = Leycles 5-1 
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pst Araya Cemiry Er] 
Wnat is spectrometer? Briefly discuss its working. 
Spectrometer: The instrument used to measure the amount of 
substance is called spectrometer. — See shored by: 3 
Working: In a spectrometer—tre Giectramagnotic rad hae 
faalations absorbed by a sampie are tleorded in he Torm of a grag Tine araph ecole 
Spectrum can be used fo find information about storiurotesubstance 
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4 How will you distinguish between 
{i 1.3-Pentadiene and 1,4. -Penta diene» 


1,3Pentadiene Is § con yated_system \(CH=CH-CH=CH-CH,| 
conjugated system ( WEECHACHyCH=CHa)- Therelore 
wavelength and{have higherAn.. that hat of 1 4-pentadene | 


14-pentadiene_ is! 
absorb at hi 


{Benzene and ant Uv__-spoctroscopy? 
‘Anthracene molecule has\three benzene angst So. it has|more conjugation than benzene /Therefore 

‘anthracene [will absorb at higher wavelengthland have higher A... that that of benzene 5 

i), Two isomeric dienes ( xX) and (¥), having the molecular formula © sHy, absorb at Any, 230m 
and ee 178nmn respectively. Write the structures of the two isomers | 
These are 1,aPentadiene and 1,4Pentadiene, 

STSPENIMCIENG 1s a conjugated system (CH=CH-CH=CH-CHs} whie T4peniadiene is not a I 
conjugated system (CH=CH-CH-CH=CH,). Therefore. 1 3pentadine wil absorb at higher 
(hnw=223nm) that that of 1,4-pentadiene (A~..=178am, 

(W)_ Give significant application of Atomic Absorption Spectroscopy (AAS). 
(1) This method is well-suited to the analysis of a substance at low. conce’ 
(2) This method iahighly specifd. Nence analysis of a ome 
{@) The technique 1s firmly established in analytical chemistry 

metallurgy. water supplies and soil analysis. | x 
Aries > i 

IW) How witt you distinguish between 2. -Pantanone and 3_-Pantanoe by using mass speci? 
2-Pentanone: Its major peak (base peak) in mass Spectr. | 
2-Pentanone: Its major peak (base peak) in mass spectrum 's ames | 


ailed answers for the followil 
D iis combustion analysis? Describe its differen 


Page 496 j 
ce consists of car drogen and oxygen __ was subjected fo combustion 

De rcv empound con of a te Seay off 0 von Dwr 
Eompounds. = 


Analysis 0.54399 of the compound gave 1.0399 0! GO 


Solution: 
Mass of organic compoun 
Mass of CO: 
Mass of #20 


Thus Percentage of © Wiel 


Percentage of 4 


M424, Analyte Cremotey 527 


Thus the empir 


¢organte compounds contain 65.44% carbon, 5.50% hyn 

i wmpound is 110 
m- What t» empirical Jormula? I the mg f 
Sp Spenser cheayciner vpn lanai re ie pegre eat 
Solution 


lecular mass of this 


uct 


‘Thus the empirical formula is CHO. 
To determine the molecular formula, frst calculate the empirical formula mass 


Epil formula mas of C,HyO =12s31.008434 16411 5805 g mol 


Molecular (or molar) mass of the compound 110.15. mot-* + ies, : (i 
n= — Molecular mass of compound 110, seg | 
empirical formula mass of compound — 5 7 
Thus Molecular formula = n ( empirical formula ) ; 
2 } 
HO) =p 


= GH = 
(t) What ts meant by the term chem 
sliting pattern of protons se 


ee atift of @ particular proton in NMR spectroscopy? Also 


MR e « 
ing pe spectrum of ethyl alcohol. tc 
C oo cee sine Steve prnciple and tnstrumentotion ©f Atomic Emission Spectroscopy. th 

What is ~~ 
at sth bale principle °f Atomic Absorption Spectroscopy? Describe the instrumentation ¥ cm 


sig TE Pt of Man Spacicometer? How does u erue 
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TEST YOUR SKI = 


0 Minutes 
Note: Over wring. cutting. erasing sing lead ps el 
QU, Circle the correct option ie. ABC/D. Each part carries one mark 
@ A ‘Son instrument which allows maa 
(A) combustion chamber (B) spectroscope 
(i) Iirared eadinon males the bonds of maleate fo 
W excite @ (CI sibrate 
@ radiation excites the eletront her 
(A trawler _—_(B)_Viss 
(0) neon radio waves 


Marke: 17 


(C) Mass Spectrometry 
(W) IR absorption is used to identify bonds and 
(A) no of carbon atoms <i 
(i) Which of following techniques does Ra 
(A) NMR Spectroscopy 


(i iSeries wource of vate se 


1B) Deuterium dacharge lamp 
(C) Hydrogen dischargelamp = (D) 
nd | (Willn IR speceum of propamone, srong pesk wt shout 1720-em-whach relen teil 
54 WW C-Ctond —(B) C-Htond |) C= Obond (0) botha& 
(bx) In IR spectrum of propanone which absorption at ~~ rele tg C - H bend 


(A) 1600em' (8) 2500cm* {C1 3000 cme 0) 12cm! 


(x) Useful, Ming region of IR spectrum is the felon above 
= ——{B)_ 2000 cmv (C) 3000 cm” (D} 3400. cm 
c fm) ehloe app cn 
“TW gen ———{B) yelow —(C) ateen low 10) 8 


{ai} Tr mass spectrometry sons with, 
(A) sealer 
{ai The poston of ulraiotet 


febsorphon band m commonly 
(B) Wave Number 
(hiv) Why do transition moral compounds show. colour 


because: 
(00) HCI molecule absorbs IR radiation of frequency 


= 10% (8) 6210" He C155 +10! He 1) 16> 10He 
(0). WehoneR as NMR reterence 
ton (hast teens) ears ©) HO {Oy fatramethyliiane 
Which ofthe folowing species is detected in mas specie? 
(A) Radicals a 


(©) Neutral molecules 

(W) Time: 2:38 Hours Section B and C: 68 
(ii) Section —B (Marks 42) (14 x 3 = 42) 

arts. The answer to each part should not exceed 5 10 6 lines. 


NM Specs os 
(5) a eee 3 2 

ea ; 
by te) head ‘Peals occur in NMR spectrum. 


sbecroscopy is applied meth? (5) 
(©) How lubricant ol can be analjaed by emission speoscoPy as) 
(a) Describe the basic principle of Atomic Absorption Spectroscopy 2) 


i524) College Chemistry. Feder 
CH #24: Analytical Chemistry 


(b) | Which type of étements and samples are analyzed by AAS. 
(xi) (a) Name main steps involved in mass Spectrometer 
(b) How sample is ionized in mass Spectrometer 
(xiii) How jon detector works in mass Spectrometer. 
(xiv) Describe basic principle of chromatography 
(ev) (a) What is LC - MS? 
(b) Describe applications of GCMS. 
(xvi) How will you distinguish between, 
(a) Pentanone and )_ Rentanone by using mass spectra 
(xvi) Differentiate between atomic absorption Spectroscopy and atomic commissio 
(xviti)(a) What is wavelength of IR & UV, 
(b) Which colour of visible light clear methylene blue absorb? 5 
(six) (a)What is drawback of combustion analysis? 1 
(b) Name modem methods of analysis 


Section -C 


Note: Attempt any TWO questions. All questions carry equal marks. (2 «13=26) 
1a) How molecular formula of organic compound is determined by combustion snalysis? (5 
(b) An organic compound consist of C, H, O was subjected to combustion analyse 0.3438 9 of compound g are 1.03) 
0.6369 g of HO. determine empirical formula of compounds 4) 
\c) How different types of radiation interact with chemicals 
2 (a} Define IR Spectroscopy. How IR spectroscopy i aplie to analyze different compounds 


(>) Describe Spin - spin coupling in NMR Spectroscopy, 4 
(c) Explain advantages & Disadvantages of AES 4) 
5: (a) Explain instrumentation & working of Mass Spectrometer (5) 
(b) Describe application of AAS, (4) 
(6) How chromatography and MS can be helpful in analysis if combined together. 4) 
4 (a) Explain chemical shift of particular proton in NMR spectroscopy using example (5) 
(6) How analytical chemisty benefits in field of Forensic sooner (4) 


(©) Discuss application of Atomic emission spectroscopy re) 
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